
Exploration of Anti-inflammatory and 

Anti-arthritic Properties of Aloe vera (L.) 

Burm. f. from the Sub-Himalayan West 

Bengal, India. 
 

 
A THESIS SUBMITTED TO THE UNIVERSITY OF NORTH BENGAL FOR THE 

AWARD OF DOCTOR OF PHILOSOPHY (Ph.D.) IN ZOOLOGY 

 

BY 

SUBHASHIS PAUL 

 

SUPERVISOR 

Prof. Soumen Bhattacharjee 

Department of Zoology, 

University of North Bengal 

 

CO-SUPERVISOR 

Prof. Tapas Kumar Chaudhuri, 

Professor (Retired), 

Department of Zoology, 

University of North Bengal 

 

Year 2021 



 



 

 

 

DECLARATION 

 

Myself Subhashis Paul declare that the thesis entitled, “Exploration of Anti-

inflammatory and Anti-arthritic Properties of Aloe vera (L.) Burm. f. from the 

Sub-Himalayan West Bengal, India.” has been prepared by me under the 

supervision of Prof. (Dr.) Soumen Bhattacharjee, Professor, Department of 

Zoology, University of North Bengal and co-supervision of Prof. (Dr.) Tapas 

Kumar Chaudhuri, Professor (retired), Department of Zoology, University of North 

Bengal. 

No part of the present thesis has formed the basis for any award or any fellowship 

previously. 

 

 

 

(Subhashis Paul) 

Cell and Molecular Biology Laboratory, 

Department of Zoology, 

University of North Bengal, 

Raja Rammohunpur, 

Darjeeling 734013 

West Bengal, INDIA 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 



ABSTRACT 

Inflammation is the immediate response of the host body against any incoming pathogen. 

The different immune cells and immunological molecules contribute to the inflammatory process 

which leads to the killing or elimination of the pathogen from the host body. If the inflammation 

persists beyond the immediate onset after the elimination of the pathogen, it can harm the host 

body locally or systematically. Inflammatory diseases like Rheumatoid Arthritis (RA) occur 

when the resolution of inflammation is delayed or disturbed. RA is a common multi-factorial 

disease found globally at a frequency between 0.5 – 1% of the total population. RA-like multi-

factorial diseases lack satisfactory treatment remedies which can cure the disease from the root. 

The drugs used in the present medicinal system generally inhibit or suppress the inflammation 

and the disease flares up whenever there is a discontinuation in treatment process. These 

medicines also have various side-effects. In the complementary and alternative medicinal 

systems (CAM), the evidence-based evaluation of different herbal remedies are assessed which 

can be used as an additional aid to the patients of RA-like diseases leading to the amelioration of 

the health. These therapies generally have minimal or no side-effects. About 70% of the people 

directly or indirectly rely on CAMs for the betterment of their disease condition. 

The plant Aloe vera is one of the most explored plants world-wide which has been used 

as food, as well as in pharmaceutical industries. It is often used as laxative, consumed and 

topically used in pain-reduction, against inflammation, burn and in other injuries in gamut of the 

herbal medication system. This plant naturally grows in all the tropical and sub-tropical 

countries, including in India. Often termed a “miracle plant”, the use of its medicinal properties 

has been well documented in the ancient civilizations and by the ethnic communities all through 

the World. However, it is evident that most of the anti-inflammatory activities of the plant are 

not scientifically well-proven and the ethnic documentations are not supported by strong 

scientific base.  

In the present study, the crude unprocessed aqueous homogenized Aloe vera leaf has been 

used as the subject herbal resource. The anti-inflammatory activities of the plant gel as well as 

the anti-rheumatic properties of the gel have been explored in detail in this dissertation work. 

The common use of the Aloe vera gel in joint pains by the local people of the sub-Himalayan 



region was assessed scientifically. The consumption of the gel by the common people, in a crude 

and unprocessed condition following a fresh collection, has been the major cues for determining 

the strategies and doses of the plant gel in in vivo and in vitro studies. The toxicological 

properties of the gel at their consumable doses in model animals were also assessed in the 

process.  

The freshly prepared Aloe vera gel homogenate was used as an oral remedy in different 

experiments, which was a novel approach for the determination of crude gel properties without 

any extraction process. Animal model-based in vivo studies as well as in vitro studies have been 

undertaken to find the acute and sub-chronic toxic role of gel constituents. In vitro models of 

inflammation were prepared following RBC membrane stabilization assays against heat-induced 

and hypotonicity-induced stress generation; and protein denaturation-inhibition assays were 

done. In vivo inflammatory models like carrageenan-induced paw-swelling models and cotton 

pellet-induced granuloma models in Wistar rats were standardized; in vivo anti-arthritic 

assessment was done in Freund’s complete adjuvant (FCA)-induced arthritic rat models. Aloe 

vera gel up to a dose of 0.80 g kg body weight of model animals were orally supplemented in the 

animal models of inflammation and inflammatory arthritis. Different physiological properties 

and parameters were studied and the benefits of orally-consumed Aloe vera leaf gel were 

assessed after the induction appropriate inflammatory or arthritic conditions in animal models. 

The relative expression analyses of some major genes involved in inflammation, as well as 

rheumatoid arthritis, was done through real-time quantitative PCR to explore the further reasons 

of such initial findings. The significant Aloe gel constituents were also identified using the 

available scientific reports and were used for the assessment of their individual efficacy through 

sophisticated in silico computer simulation techniques.  

It was observed that the crude Aloe vera gel homogenate did not show any acute toxic 

effect up to the dose of 5g/kg body  weight and sub-chronic toxic effect up to 4g/kg body weight 

in experimental rat models. In the cotton pellet-induced granuloma and carrageenan-induced 

paw-swelling animal models, animals showed a decrease in their inflammatory response when 

treated with Aloe vera gel homogenate orally. In the FCA-induced arthritic model, the arthritic 

swelling, hematological, and serum biochemical parameters were brought back to normalcy. 

Expression of cytokines like TNF-α and immunomodulatory genes like Cox-2 which increases 



during RA were also down-regulated in FCA-induced arthritic model animals following the Aloe 

vera gel oral supplementation, provided daily for a period of 28 days. The findings were 

explained and corroborated in a detailed way so that the probable pathways for the inflammation 

and arthritis inhibition, done by the Aloe vera gel, could be revealed. All the findings have been 

published as research articles in reputed journals. 

 It can be concluded from the findings of the dissertation that, the Aloe vera leaf gel 

homogenate can inhibit the inflammatory disease-conditions in the experimental model systems 

and the efficacy of the gel can open opportunities for the establishment of new CAM therapy 

against inflammation. The gel did not show any toxic effect as well, so the consumption of the 

gel is devoid of any possible side-effects. 
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PREFACE 

The presented dissertation entitled “Exploration of Anti-inflammatory and Anti-

arthritic Properties of Aloe vera (L.) Burm. f. from the Sub-Himalayan West Bengal, India” 

is done under the supervision of Prof. Soumen Bhattacharjee in the ‘Cell and Molecular Biology 

Laboratory’ of the Department of Zoology, University of North Bengal. The work was initiated 

by me in the March of 2013.  In this course, Prof. Tapas Kumar Chaudhuri (Now retired 

Professor, Cell and Molecular Immunology Lab, Department of Zoology) directed my work as 

my co-supervisor.  

Aloe vera is one of the most explored plants which has a world-wide use as food, widely 

used in dermatological industries and medicine industry, it has a home-made therapeutic use for 

dermatological problems, often used as laxative, consumed and topically used in pain reduction 

and utilized in the herbal medication system. This plant naturally grows in all the tropical and 

sub-tropical countries. The use of this “miracle plant” for its medicinal properties has been well 

documented in the ancient civilizations and by the ethnic communities all through the World. 

However, when I started searching the underlying scientific principles of such useful aspects of 

the plant during my post-graduation period, it became evident that most of the activities are not 

scientifically well-proven and these ethnic belief lack strong scientific documentation. Along 

with that, an increasing demand for an alternative medicinal system in the last decade also forced 

me to start the experiment-dependent evidence-based pharmacological studies of this plant. An 

increasing research activity in the field of natural medicine, plant-based medicine, plant-based 

synergistic formulations and plant-based pure compounds has been the reason for the origin of 

different efficient drugs of this era. It is well understood that the amazing biodiversity of the sub-

Himalayan West Bengal region of India can also lead to the discovery of such herbal resources. 

All the above perspectives led me to select the plant Aloe vera as the experimental herbal 

resource. The anti-inflammatory activities of the plant as well as the anti-rheumatic properties of 

the plant gel have been explored in detail in this dissertation work. The common use of the Aloe 

vera gel in joint pains by the local people of the sub-Himalayan region was scanned under the 

light of science. The consumption of the gel by the common people in a crude and unprocessed 



II | P a g e  
 

condition following a fresh collection has been the major cues for determining the strategies and 

doses of the plant gel for in vivo and in vitro studies.  

Animal model based in vivo studies as well as in vitro studies have been undertaken to 

find the role of gel constituents in inflammatory and arthritic conditions. Different physiological 

properties and parameters were studied and the benefits of orally consumed Aloe vera gel were 

assessed after the induction appropriate inflammatory or arthritic condition in appropriate animal 

models. In all the studies, Wistar albino rat was used as a model animal for in vivo studies.  The 

transcriptomic analyses of some major proteins involved in inflammation as well as rheumatoid 

arthritis are also done through real-time quantitative PCR to explore the deep logic of such initial 

findings. The Aloe gel constituents are also identified using the available scientific reports and 

were used for the assessment of its efficacy through sophisticated computer silumation 

techniques. The findings are explained and corroborated in a detailed way so that the probable 

pathways for the inflammation and arthritis inhibition done by the Aloe vera gel could be 

revealed. All these findings are published as research articles in reputed journals. 

The thesis contains a brief introduction in Chapter 1; Chapter 2 represents the Review 

of Literature; Chapter 3 represents the Materials and Methods; Chapter 4 describes the Results 

and associated Discussions and Chapter 5 represents the Summary and Conclusions. 
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The ancient Indian subcontinent is known for different ancient civilizations. This part 

of the world has been very popular for its ancient practices of science, architecture, 

philosophy and medicine therapy. Traditional medicinal treatments like Ayurveda, Siddha, 

Unani, have been mentioned in different Indian sculptures and has been well documented in 

ancient Indian literatures like the Vedas (Subhose et al., 2005). ‘Ayurveda’ means the 

‘Science of Life’, or the science for longevity. The ancient Indian health care system was 

more directed to the well-being of human life through preventive measures than the illness 

related curative remedies. Healthy life-style practices are thought to be the reasons of longer 

life-span in such ancient systems. The concept of Ayurveda emphasizing ‘everything can be 

a drug’ is deeply rooted in Indian culture. Ancient Ayurveda practitioners did extensive 

documentations of herbal remedies over time and currently, around 70% of the Indians rely 

on Indian herbal medicines for their primary health care (Vaidya and Devasagayam, 2007). 

Ayurvedic remedies, their resources and uses have been well documented in the Sanskrit. 

Rigveda, an ancient sacred collection of Sanskrit hymns from Vedic period (1500- 500 

B.C.E.) and the Atharvaveda, the last of the four Vedas (600 B.C.E.) are the earliest 

documentations of different herbal products, minerals, animal products with their medicinal 

purposes (Sen and Chakraborty, 2020). Charaka Samhita and Shushruta Samhita (400 B.C.E. 

to 200 B.C.E.) provides documentation of 526 and 516 Indian herbal medicines (Pan et al., 

2014). 

 Indian subcontinent is rich in biodiversity, includes almost 16 agro-climatic zones and 

more than 400 biomes. India possesses almost 8% of the estimated biodiversity of the world 

(Pan et al., 2014). The western part of the Himalaya possesses about 80% of the herbal drugs 

of Ayurveda origin, 46% of the Unani and 33% of the allopathy system (Baragi et al., 2008). 

The usage of the Indian herbal resources in different Indian medicinal systems has been 

briefed in the Fig. 1.1. The majority of the Indian herbal medicines are derived from either 

the whole plant or from their specific parts like root, bark, stem, flower, seed or leaf. Some 

drugs are also prepared or extracted from the excretory end products of those plants including 

gums, resins or latex.  An account of 28 chronic human diseases treated with the help of the 

herbs and herbal formulae has been documented by Sharma and coworkers (Sharma et al., 

2007).  
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 India also plays a great role as the supplier of the herbal products at the domestic and 

overseas markets. Among the exported products, 60% are processed plant materials unique to 

India, 30% are plant extracts and 10% are Ayurvedic formulations (Pan et al., 2014). Indian 

herbal medicine research has been a successful attempt to innovate drug discovery 

(Patwardhan and Mashelkar, 2009). In 2008, India had herbal medicine-based market of 

approximately 70-75 Billion Rupees with export of over 36 Billion Indian Rupees (Sharma et 

al., 2008) which was projected to be doubled by 2015, i.e. 150 billion rupees with a growth 

rate of 15% (Saini et al., 2011). According to a latest study conducted by Confederation of 

India Industry (CII) in 2016, the total estimated market size of Indian Ayurveda industry is 

USD 3 billion (220 billion Indian Rupees approximately) including ethical, classical, 

personal care, beauty and health products which is expected to grow up to USD 9 billion by 

the year 2022 (CII, 2017). The sector is rapidly growing in India as well as globally.  

 The herbal medicines come with the benefit of low cost and usually, lack of side-

effects. The usage and practices are generally simple and easy to understand by the laymen. 

A strong evidence-based usage of these medications in the form of the complementary and 

alternative medicine (CAM) has increased with time and showed positive influence in well-

being of mankind. Newer scientific approaches have been used to determine the potency of 

the documented herbal medications in the last few decades. Isolation and identification of 

pure compounds and identification of most efficient bioactive compounds has been done 

from different plants and plant-based resources. 



Chapter 1: Introduction 

~ 5 ~ 
 

 

Figure 1.1. Plant species in India and Indian herbal medicine. (modified from Pan et al., 2014)  
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 The arthritic diseases are one of the major diseases which are commonly found 

globally. One of the major arthritic types, the rheumatoid arthritis (RA), is an auto-immune 

multifactorial inflammatory bone-joint disease affecting at least 0.5–1% of the population in 

the industrialized world. It commonly leads to significant physical disability and restricted 

physical movement (Gabriel, 2001). It is 2 to 3 times more frequent in women than in men 

and can initiate at any age, with a peak incidence between the age of 35-55. Its prevalence in 

India ranges from 0.28% in the urban population to 0.55% in the rural population (Chopra 

and Ahmed, 2008). However, the actual number of affected population may vary from 2-5% 

in the country as the cases from rural area are not registered in many occasions.  

 Commonly used drugs against RA including NSAID and DMARD are limited by a 

low (<70%) response rate and induce serious side-effects (>30%). This has been cited as one 

of the major reasons for increased use of CAM by the patients suffering from RA. The usage 

of CAM has been complemented along with conventional drugs or has been used as the sole 

remedy to fight RA. About 60% to 90% of patient populations have been reported to be using 

CAM from different countries (Efthimiou et al., 2010).  

 As defined by the National Centre for Complementary and Alternative Medicine 

(NCCAM), “Complementary and alternative medicine is a group of diverse medical and 

health care systems, practices, and products that are not presently considered to be part of 

conventional medicine” (WHO, 2000). These practices or therapies included within the scope 

of complementary medicine field can be broadly categorized into three categories:  

1. Treatments in which people can administer themselves the remedies orally or topically (e. 

g., botanical herbs, nutritional supplements, health food, meditation, and magnetic therapy). 

2. Treatments which are administered by specialist therapy providers including acupuncture, 

chiropractic, massage, reflexology, and osteopathic manipulations etc. 

3. Treatments which can be introduced by the patient under the periodic supervision of a 

therapy provider or doctor (e. g., Tai Chi, Yoga, Homeopathy, and Ayurveda).  

 The world health organization (WHO) reports that about 80% of the world population 

primarily depends on animal and plant-based medicines. Out of the 252 essential chemicals 
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that have been selected by the WHO, about 11.1% come from plants and 8.7% have animal 

based origin (WHO, 2000). So there is an increasing need for research in this field. 

 In the Indian perspective, its rich biodiversity has diverse array of medicinal plants. 

Different medicinal plants have been explored for their anti-arthritic properties. Camellia 

sinensis var. assamica (J. W. Hart.) Kitam (Assam tea) (Family Theaceae) is a well-

cultivated plant species from India which showed inhibition of the matrix-metalloproteinase 

(MMP) activity in vitro and in different arthritic models (Ahmed et al., 2005; Rathore et al., 

2007). Curcuma longa L. (Turmeric) (Family Zingiberaceae) is known to down-regulate 

different molecules contributing to RA pathogenesis including NF-κB, Cox-2 and Lox; 

down-regulate IL-1β-induced MMP-3 synthesis and increases IL-1 β induced type II collagen 

synthesis (Liacini et al., 2002; Schulze-tanzil et al., 2004; Kukur, 2010). Semecarpus 

anacardium L. f. (Nut milk extract) (Family Anacardiaceae) has shown effectivity against 

adjuvant-induced arthritic models (Vijayalakshmi et al., 1996; Ramprasath et al., 2006). 

Saraca asoca (Roxb.) Willd. (Ashoka) (Family Fabaceae) has shown significant anti-

inflammatory activities in arthritic animal models. It also reduced the pro-inflammatory 

cytokine expressions in animal models (Saravanan et al.,  2011; Gupta et al., 2014). 

Cannabis sativa L. (Ganja) (Family Cannabaceae) contains cannabinoid and cannabidiol as 

their prime phytocompounds, works against a large array of immune-mediated diseases 

including RA through its interaction with cannabinoid receptor 2 (CB 2) (Reider et al., 

2010).  It also shows reduction of acute-inflammation and inhibits Cox-2 (Costa et al., 2004; 

Takeda et al., 2008). Ocimum tenuiflorum L. Syn. Ocimum sanctum L. (Tulsi) (Family 

Lamiaceae) showed potent anti-arthritic as well as anti-inflammatory activity on different 

arthritic models; the plant contains eugenol as its prime active constituent (Singh and 

Majumder, 1996). Withania somnifera (L.) Dunal (Ashwagandha) (Family Solanaceae) 

showed significant normalization of arthritic parameters in arthritic animal models (Rasool et 

al., 2007). It also reduced the expression of pro-inflammatory cytokines in vitro (Singh et al., 

2007). Premna serratifolia L. (Agnimantha) (Family Lamiaceae) has shown efficient 

amelioration of arthritic conditions in Freund’s complete adjuvant (FCA)-induced arthritic 

rats (Rajendran and Krishnakumar, 2010; Kavitha et al., 2011). Among the other plants 

found in India, Nyctanthes arbor-tristis (Shiuli) (Family Oleaceae) (Paul and Saxena, 1997), 

Swertia chirayita (Roxb.) Buch-Ham. Ex C. B. Clarke (Chirata) (Family Gentianaceae) 
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(Kumar et al., 2003), Crocus sativus L. (Saffron) (Family Iridaceae) (Hossein and Younesi, 

2002), Strobilanthus callosus Nees. (Karvi) (Family Acanthaceae) (Agarwal and Rangari, 

2003), Acacia farnesiana (L.) Willd. (Hukkeri et al., 2002), Aegle marmelos (L.) Correa 

(Bel) (Gurulingappa and Halur, 2002), Anacardium occidentale L. (Cashew) (Mota and 

Thomas, 2002), Azadirachta indica A. Juss. (Neem) (Chattopadhyay, 1998), Cedrus deodara 

(Roxb. ex D. Don) G. Don (Deodar) (Shinde and Phadke, 1999), Morus indica L. (Mulberry) 

(Balasubramanian and Ramalingam, 2005), Emilia sonchifolia (L.) DC. Ex DC. (Shylesh and 

Padikkala, 1999) are some other promising plants having potential anti-inflammatory 

activities. These plants can be further used to investigate their role in rheumatoid arthritis. 

 Aloe vera (L.) Burm. f. (Ghritokumari) (Family Xanthorrhoeaceae) is a very well-

known plant in the Indian traditional medicinal system. In this regard, studies on compound 

isolation have been done which revealed the presence of potent anti-inflammatory bio-

molecules in the plant (Grindley and Reynolds, 1986). The plant is well distributed in India 

and in neighboring countries. Anti-inflammatory activity of this plant was screened 

preliminarily by different authors which has been discussed in the Review of Literature 

(Section 3.4). Different brief experiments and reports prove that the plant has some strong 

protective role against inflammation and rheumatism. However, some more precise 

methodologies are needed to establish its role in such disease. Elaborate experimentation on 

animal models and molecular approaches regarding the anti-inflammatory character of this 

plant has not been done so far. 

 The present thesis portrays the results of a detailed exploration of the anti-arthritic 

and anti-inflammatory property of this plant through in vitro and in vivo experiments. This 

study explored the efficacy of the Aloe vera gel in amelioration of inflammatory condition in 

animal models. The study also investigates the synergistic role of the phyto-compounds 

present in the plant leaf-gel in inflammation and anti-inflammatory arthritis. The orally 

consumable plant gel has been used in a simple aqueous homogenate form, as it is used in 

ethno-botany. The simple homogenization also preserves the natural proportions of the 

phyto-compounds present in the plant. To our knowledge, this is the first detailed report on 

the efficacy of such naturally harvested unprocessed Aloe vera leaf gel against inflammation 

in appropriate models. The study also represents toxicity and consumable dose of Aloe vera 

gel in in vivo and in silico model systems.  
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2.1. INFLAMMATION 

 Inflammation is the immediate manifestation of defense by the immune system 

against any foreign substance that has entered the body. The inflammation is generally a 

quick response initiated against any foreign particle which is characterized by swelling, 

redness, heat and pain (Firestein, 2003). According to Medzhitov (2008), inflammation is a 

biological reaction to a disrupted or disturbed tissue homeostasis. At its basic level, it is a 

tissue-destruction process which involves the recruitment of blood-derived products and 

blood cells such as plasma proteins, plasma fluid, and leukocytes into perturbed tissue. 

Inflammation is a pervasive defense mechanism that is broadly defined as a nonspecific 

response to tissue malfunction and is employed by both innate and adaptive immune systems 

to combat intruding pathogens. Unlike the other defense mechanisms of the immune system, 

partial damage of the host is unavoidable in inflammation (Ashley et al., 2012). Interactions 

of the cells and components of the innate immune system, adaptive immune system, and 

inflammatory mediators orchestrate the mechanisms and aspects of the inflammation that 

underlie different diseases in different organs. Combination of common effector mechanisms 

of inflammation contribute to tissue injury, oxidative stress, extracellular matrix remodeling, 

angiogenesis, and fibrosis in diverse target tissues (Libby, 2007). Inflammation-induced 

collateral damage in the host body might contribute to immunopathology [for example, 

diseases like rheumatoid arthritis (RA), multiple sclerosis (MS), diabetes etc] but the damage 

invoked by inflammation represents the biological balance mechanism between the damage 

control against incoming pathogens and self-maintenance; the process initiates with the 

identification of invading pathogen and terminates as the invading pathogen is neutralized. It 

does not require the presence of self-antigens to become activated in most of the cases 

(Ashley et al., 2012). However, a delay in the termination of adaptive immune response 

leading to the prolonged inflammation often directs to autoimmune diseases. It involves both 

genetic and environmental factors and mechanisms including the lack of self-antigen 

recognition (Graham et al., 2005).  

 Inflammation can be classified into two different types depending on their duration. 

Acute inflammation is the immediate type of response which lasts for limited period of time, 

usually for a few hours to few days. A more prolonged type is called the chronic 
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inflammation which shows a longer duration for termination. Another classification has been 

demonstrated depending on of the intensity of the inflammatory reaction. These are low-

grade and high-grade inflammations (Table 2.1) (Ashley et al., 2012). 

 

Table 2.1. Types of inflammatory responses categorized by duration (low-grade and 

high-grade) and degree of intensity (acute and chronic) (Modified from Ashley et al., 

2012). 

 

Based on duration 

 

Based on intensity 

Acute inflammation Chronic inflammation 

Low-grade inflammation Para-inflammation, 

Metaplasia 

Inflammatory diseases, 

Autoimmune disorders, 

Neurodegenerative diseases, 

Tumour growth, 

Tissue damage and fibrosis  

High-grade inflammation Acute phase response, 

Release of cytokines, 

Neutrophil migration, 

Recruitment of effector cells, 

Localized tissue damage 

Sepsis, 

Cytokine storm, 

Tissue destruction 

 

 

2.1.1. Mechanism of Inflammation 

 Pathogens, tissue injury, and foreign particles induce inflammation in the host body. 

Transmembrane TLRs (Toll-like receptors) and intracellular NLRs (nucleotide binding 

domain and leucine-rich-repeat-containing receptors) bind to PAMPs (pathogen associated 

molecular patterns) or Alarmin like DAMPs (damage-associated molecular pattern) of the 

incoming particles, respectively (Lange et al., 2001). The recognition of non-self-molecular 

patterns by the host cell receptors then initiate signaling pathways in the cell for a response. 

TLRs activate a MyD88-dependent signal transduction pathway that phosphorylates the 

inhibitory IκB protein by IKK (inhibitor of kappa B kinase). As a result, NF-κB is released 

from phosphorylated IκB, and then it translocates to the nucleus where it up-regulates 

transcription of different inflammatory genes (Ghosh et al., 1998). These genes include pro-

inflammatory cytokines like TNF-α, IL-2, IL-6, IL-8, IL-10, IL-12, IL-15 etc. On the other 
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hand, NLRs convert procaspase-1 into activated caspase-1. The caspase-1 functions in the 

conversion of different cytokines into active forms (IL-1β, IL-18 etc). All these cytokines 

participate in inflammation. A variety of pro-inflammatory cytokines and chemokines which 

are produced and released at the site of inflammation by the inflamed cells as well as by the 

immune cells promote effector functions of inflammation. At the same time, blood-borne 

neutrophils and monocytes also migrate to the site of inflammation by chemotaxis passing 

through the endothelial cells, a process known as extravasation. This influx of cells is also 

associated with the accumulation of protein-rich fluid, known as the ‘exudate’ promoting 

edema at the site of inflammation (swelling). Mast cells and tissue-resident macrophages 

help in this migration of cells by releasing histamine, leukotrienes, and prostaglandins, which 

have rapid effects including vasodilation of the blood vessels and increased vascular 

permeability. 

 Vasodilatory prostaglandins play an important role in the manifestation of 

inflammation, where Cox-2 plays a role as a key molecule and contribute to the increase in 

the degree of inflammation (Sherwood and Toliver-Kinsky, 2004). On the other hand, 

neutrophils release toxic compounds, including reactive-oxygen species (ROS), reactive-

nitrogen species (RNS), and various proteases, which are nonspecific and harmful to both the 

pathogen and to the host. Macrophages and dendritic cells participate in phagocytosis of 

cellular or particulate antigens as well as the cellular debris at the inflamed region (Nathan 

2002; Ashley, 2012). In case of prolonged inflammation, the antigen presenting cells (APCs) 

like dendritic cells (DC), marcophages (Mφ), mast cells etc also migrate to lymphoid tissue 

and prime naive T-cells (Th0) to become polarized through stimulation of the T cell receptor 

(TCR). Th0 cells differentiate into several different types of effector and regulatory T-cells 

including Th1 cells, Th2 cells, Treg, and Th17 cells. Th1 cells generally secrete pro-

inflammatory cytokines; Th2 cells are responsible for of B-cell activation, whereas Th17 

cells are highly pro-inflammatory and are regulated by the other Th subsets. Treg cells 

contribute to the degree of inflammation (Abbas et al., 1996). The resolution of inflammation 

occurs as the suppression of neutrophil recruitment at the inflamed site, triggered by lipoxin 

A4 produced by marcophages; apoptosis of inflamed cells; and clearance of the cellular 

debris and mediators formed during inflammatory responses by the phagocytic immune cells. 

Also, the decrease in the titre of immunologic molecules, depending on their half-life, 
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contributes to the termination of inflammation. Fas ligand, resolvins, and protectin molecules 

promote the apoptosis of neutrophils. Macrophages and dendritic cells phagocytose apoptotic 

neutrophils and cellular debris. Termination of inflammation is crucial for limiting the 

collateral damage to the host body (Serhan and Savill, 2005; Ashley et al., 2012).  The 

process of inflammation can be categorized into following events: (1) introduction of the 

inducers of inflammation, (2) inducer recognition by the host, (3) signal transduction in the 

host cell, (4) release of pro-inflammatory cytokines, (5) effects of inflammation, (6) 

polarization of inflammation, and (7) resolution of inflammation. The process of 

inflammation is summarized in the following figure (Fig. 2.1).  
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Figure 2.1. Key events of inflammation (mentioned as 1-7 on the left side) and important mediators 

of the progression of inflammation (Steps 1-7 on the right side). Modified from Ghosh et al. (1998), 

Janeway et al. (2005), Anthony et al. (2007), Soehnlein and Lindbom (2010), Maskrey et al., (2011), 

Ashley et al., (2012). IκB: nuclear factor of kappa light polypeptide gene enhancer in B-cells 

inhibitor; IKK: inhibitor of kappa B kinase; IL: Interleukin; NF-κB: nuclear factor kappa-light-chain-

enhancer of activated B cells; Th: T helper cell; TNF-α: tumour necrosis factor-alpha; Treg: 

regulatory T cell.  
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2.2. RHEUMATOID ARTHRITIS (RA)  

Among the different inflammatory diseases, Rheumatoid Arthritis (RA) is one of the 

major chronic inflammatory diseases found world-wide. RA is a chronic systemic 

inflammatory auto-immune disorder seen in the bone joints of human. It has shown a 

worldwide prevalence of approximately 0.5% to 1% among adult individuals (Scott et al., 

2010). It differs from other types of arthritis as it is auto-immune, where the immune system 

of the patient’s body reacts against the self or altered-self antigens produced within the body. 

2.2.1. General characters and epidemiology of RA 

 The disease is externally identified by the swelling and redness of a joint present for 

an extended period of time (at least for more than 6 weeks). The clinical characters are 

synovial hyperplasia, inflammatory cell infiltration in the synovial tissues, destruction of 

cartilages and bones in joint region all leading to chronic disability (McInnes and Schett, 

2011). Bone joint destruction is associated with severe chronic inflammation which is 

associated with the damage to the surface and extracellular articular cartilage matrix and 

degradation of bones. If the situation remains undiagnosed, it hampers the quality of lifestyle. 

Physical movements is highly disturbed in severe diseased condition leading to partial or 

complete immovability of the patient. 

 Depending on different population-based studies, RA has shown a global prevalence 

of approximately 0.5% to 1% among adults (Scott et al., 2010). According to the Global 

Burden of Disease Study report (Roth et al., 2018), the prevalence rate of RA is about 0.24% 

among the world population (Cross et al., 2014) and females have twice the more chances of 

having the disease than that of the males (van Vollenhoven, 2009). The prevalence rate of 

RA is much higher in the Australian region followed by North America and Europe; 

however, shows a less prevalence in the Asiatic region (Gonzalez et al., 2007; Cross et al., 

2014). It is hypothesized that, one in twelve females and one in twenty men would develop 

an inflammatory autoimmune rheumatic disease during their lifetime (Crowson, 2011). In the 

developing countries and low and middle income countries like India, however, the actual 

number of patients suffering from RA could be higher than the available data because of the 
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lack of extensive survey and the inadequate statistics regarding the number of patients from 

deep rural regions (Rudan et al., 2015). 

2.2.2. Classification criteria for RA detection 

 To establish the epidemiology of a disease, a detailed population-based study has 

been an integral part. It provides important information to assess disease possibility and it is 

the primary tool in disease detection. In the last 50 years, in the field of rheumatic diseases, 

newer approaches have come and have changed or modified the classification criteria for 

rheumatic diseases. Felson and Anderson (1995) defined a number of steps for the 

development of a classification criterion for rheumatic diseases. However, the first approach 

to understand the classification criteria for RA was done by the American Rheumatism 

Association in 1956 (Hochberg, 2009) and it was revised and widely accepted in 1958 based 

on 332 cases and controls from 19 different cities across US and Canada. It included 11 

symptoms or characters and their possible combinations which gave rise to four disease 

phases based on severity (Table 2.2).  

 The ‘1958 American Rheumatism Association’s (ARA) criteria’ was further modified 

in ‘1987 American College of Rheumatology (ACR) criteria’. In this period of time, different 

seronegative arthritic conditions were discovered and a modification was required. The 

newer format of 1987 came out with both ‘tree’ and ‘list’ format. The tree format was more 

appropriate to detect the presence of disease in patient body (Table 2.3; Fig. 2.2). 
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Table 2.2: 1958 American Rheumatism Association criteria for RA. (Modified from Hochberg, 

2009) 

1. Morning stiffness 

2. Pain on motion or tenderness of at least one joint  

3. Swelling in at least one joint 

4. Swelling of at least one other joint within the span of three months from the swelling of first 

joint 

5. Symmetrical joint swelling with simultaneous involvement of the same joint on both sides of 

the body 

6. Subcutaneous nodules over bony prominences 

7. X-ray changes typical of RA including decalcified bones around the involved joint 

8. Positive agglutination test for rheumatoid factors 

9. Poor mucin clot from synovial fluid 

10. Characteristic histologic changes in synovial membrane including infiltration of inflammatory 

cells, marked villous hypertrophy, deposition of compact fibrin, foci of cell necrosis 

11. Characteristic histological changes in nodules including necrosis zones, inflammatory cell 

infiltrations. 

Types of RA based on 11 criteria 

Classical RA At least 7 criteria must be present. For criteria 1 to 5, symptoms must be present for 

at least 6 weeks.  

Definite RA At least 5 criteria must be present. For criteria 1 to 5, symptoms must be present for 

at least 6 weeks. 

Probably RA At least 3 criteria must be present. For criteria 1 to 5, symptoms must be present for 

at least 6 weeks. 

  

 Table 2.3: Revised criteria for determination of RA by American Rheumatism 

Association in 1987 (Modified from Hochberg, 2009). 

1. Morning stiffness Morning stiffness in and around the joints, lasting at least 1 hour before 

maximal improvement. 

2. Arthritis in 3 or 

more joint areas 

Soft tissue swelling of fluid accumulation (not bony overgrowth) present 

at least for 6 weeks 

3. Arthritis in hand 

joints 

Swelling of wrist metacarpophalangeal joints (MCP) or proximal 

interphalangeal joint (PIP) for at least 6 weeks 

4. Symmetrical 

arthritis 

Simultaneous involvement of same joint areas on both sides of the body 

(exception for symmetrical arthritis are the joints listed in point 3)  
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5. Rheumatoid 

nodules 

Subcutaneous nodules over bones or extensor surfaces or in juxta-

articular regions 

6. Rheumatoid factor Detected by a method positive in less than 5% normal controls 

7. Radiographic 

changes 

Typical RA radiographs of joints with bone decalcification localized or 

adjacent to the involved joints 

 

Figure 2.2. Decision-tree developed by American Rheumatism Association in 1987 for the detection 

of RA (the ‘tree format’). (Modified from Hochberg, 2009).  
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 However, the 1958 ARA criteria have been used for approximately 30 years and then 

it was revised in 1987 which is also over 30 years old. The detection of inflammatory 

polyarthritis and a few more complicated variants of arthritis need a better ‘biomarker 

signature’ which will combine with the both the genetic and serological status, advanced 

imaging techniques and cytokine profiles (Hochberg et al., 2009).  

2.2.3. Risk factors of RA 

 Rheumatoid arthritis is regarded as a multi-factorial autoimmune disorder. Risk 

factors for rheumatoid arthritis comprise a combination of genetic, environmental and 

stochastic factors. Twin studies have estimated that the genetic risk factors count for almost 

50% in the RA and the environmental and stochastic factors counts for the rest (Aho et al., 

1986; Silman et al., 1993; MacGregor et al., 2000) (Fig. 2.3).  RA is also characterized by 

the presence of auto-antibodies and auto-reactive T-cells in blood and joint fluid which are 

missing in case of the other join degenerative inflammatory diseases like psoriatic arthritis, 

reactive arthritis, osteoarthritis etc. Citrullinated proteins are formed in the host body as a 

result conversion of arginine into citrulline (Nienhuis and Mandema, 1964; Girbal-Neuhauser 

et al., 1999).. As the citrulline is not one of the essential amino acids, these citrullinated 

proteins are considered as foreign and are attacked by the immune system. There is a high 

association of citrullinated protein antigens and the chances of RA (Coenen et al., 2007). RA 

can be divided into two distinct subsets depending on the presence/absence of anti-

citrullinated protein or peptide (auto-) antibodies (ACPAs). The major genetic factors are 

generally pre-deposited in the patients of ACPA-positive rheumatoid arthritis includes HLA-

DR alleles, PTPN22 risk alleles, TRAF1/C5-related genes (Schellekens, 1998; Schellekens, 

2000). IRF-5 is a generic factor associated with ACPA-negative RA. Smoking is strongly 

associated with ACPA-positive and RF-positive RA which is an environmental factor 

introduced through life-style choice. The different risk factors can overlap and different 

combinations of these factors can be observed in patients suffering with RA. RA has a 

polygenic basis, which means more than one and unrelated genes are involved in the disease 

and 31 different risk loci including HLA-SE alleles, PTPN22, C5-TRAF1, CTLA4, STAT4, 

HLA-DR3, IRF5 etc have been identified (Stahl et al., 2010). The presence of these loci in 
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different combinations increases the chance of the disease occurrence by several folds (Stahl 

et al., 2010).  

 The environmental risk factors determined through epidemiological studies includes 

silica-dust exposure (Klockars et al., 1987), smoking (Vessey et al., 1987), mineral oil and 

adjuvants (Sverdrup et al., 2005) etc. The stochastic factors include blood transfusion, dietary 

factors, obesity, social class and sports injury (Hochberg, 2009). 

Figure 2.3. Different risk factors of RA. In different RA cases, several factors overlap and contribute 

to the multi-factorial nature of the disease. (Modified from Hochberg, 2009) 

2.2.4. Pathogenesis of RA 

Initiation of the disease: Generally the rheumatoid arthritis and other arthritic diseases show 

a few years span for their development and the progression continues for the rest of the life 
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appearance and its duration. From the time of appearance of initial symptoms like joint 

inflammation, joint swelling, morning stiffness and symmetrical appearance of joint pains, a 

time-frame of several weeks or even a few months can be considered as ‘early arthritis’ 

stage. This stage has also been named as the ‘window of opportunity’. This opportunity 

window suggests that the intervention of drugs like DMARDs in this phase could delay or 

down-regulate the progression and severity of the disease. The cytokine pattern and disease 

state at this period is different from those of the later disease phases (Raza, 2019). However, 

the duration of this ‘early stage’ and onset of the ‘later’ chronic stage of the diseases remains 

doubtful as there are no fixed criteria and time frame for the two phases and the durations 

vary from patient to patient. 

 As mentioned earlier, the disease has some strong association with several types of 

auto-antibodies, including rheumatoid factor (RF), anti-perinuclear factor (APF) and anti-

keratin antibodies (AKA), anti-collagen antibodies, nuclear antigen-associated antibodies like 

Epstein-Barr nuclear antigen, RA33, anti-citrullinated vimentin or anti-Sa and anti-p68 

antibodies (Smolen and Steiner, 2001). It has already been stated that most of these 

antibodies react or interact with citrullinated proteins (Schellekens et al., 1998). But it is still 

unknown whether such auto-antigens initiate the T-cell activation cascade from the very 

beginning to form inflammatory changes, or contribute at a later stage of the disease 

progression to flare up the disease.  

Morphological changes: RA is an autoimmune, inflammatory disease. The symptoms can 

be identified by pain, swelling, stiffness at different joints in the patient body. Swelling of the 

joints associated with severe pain is the most visible feature of the disease from the initial 

period of the disease progression. These are also considered to be the initial criteria for the 

diagnosis of the disease. When the disease progresses in the patient’s body, gradually the loss 

of function of the joints (most commonly in the hands, wrists, and knees) and joint 

deformities leads to structural and functional unsteadiness of the joints as well as of the 

whole body. Deformation of bones leads to permanent shape change of the body parts (CDC 

Guideline, 2020). However, many morphological changes are not specific to the rheumatoid 

arthritis only; many other arthritis including osteoarthritis includes the similar symptoms. 

There is generally a bilateral/symmetrical pattern of disease progression (e.g., both hands and 
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both knees are affected). The other associated changes in the patient’s body include fatigue, 

fever, and loss of appetite.  

Histological and radiographic changes: A vast array of histologic changes appears in the 

synovial membrane of rheumatoid arthritic joints. These include the proliferation of the 

synovial lining, lymphocyte and plasma cell infiltration, increased fibrosis and vascularity 

(Rooney et al., 1988). The immune cells appear in the arthritic synovium as a part of the 

immune defense mechanism against the self-antigens. The aggregation of lymphocytes in the 

sub-chondral side of the joint in rheumatoid arthritis is often associated with the presence of 

osteoclasts (McQueen and Ostendorf, 2006). In a study based on the bone samples of RA 

patients, it was clearly visible that increased number of osteoclasts adherent to the sub-

chondral bones and lymphoid neogenetic feature of the bone marrow were associated with 

the progression of the disease (Bugatti et al., 2005). The simplified diagrammatic 

presentation of a healthy joint and arthritic bone joint has been shown in Fig. 2.4. There are 

evidences that the RA synovium shows degrees of variation among patients. The synovial 

lining in the inflamed joint seems to have fewer cell layers compared to the healthy joint. 

Diffused lymphocyte infiltration was observed all around the synovium and partial fibrinoid 

necrosis is observed (Tsubaki et al, 2005). In the radiographic imaging obtained from 

patients, visible joint destruction is observed in 70% of the patients within their first 2 years 

of disease. Radiographically visible damage of the bone joints appears rapidly over the first 

few years. It is followed by a progressive increase of joint erosion for the successive 20 years 

throughout the lifespan. The hallmarks of RA of radiography include symmetric alignment 

abnormalities of the joints, periarticular osteoporosis, joint space narrowing, sometimes 

rheumatoid odules and synovial cysts. Other imaging systems like computed tomography 

(CT) and magnetic resonance imaging (MRI) also provide excellent visual cues to identify 

arthritis.  

Hematological and serum profile changes: Along with the prominent morphological 

changes, the infliction of RA can be determined through the assessment of changes in the 

serum properties of the patient as well as from hematological changes. A nonspecific 

decrease in hemoglobin level (up to less than 10 g/dl) and RBC along with the increase in 

lymphocytes and WBCs are characteristic features of RA presence.  The C-reactive proteins 
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are generally increased which is associated with an elevation in erythrocyte sedimentation 

rate (ESR). Increase in the concentration of serum cryoglobulins and participating antibodies 

is also evident (Epstein 1990). Conditions like eosinophilia (Winchester et al., 1971) and 

thrombocytosis (Hutchinson et al., 1976) are also associated with the progression of the RA. 

Active RA is also associated with anemia of chronic disease and lymphadenopathy, and there 

is also an increased risk of non-Hodgkin lymphoma compared to the general population 

(Hochberg, 2009).  

 

Figure 2.4. Diagramatic presentation of a healthy synovium (left-hand side) and an arthritic 

synovium (right-hand side). In the arthritic condition, the synovium and the joint cartilage is 

infiltrated by different immune cells including T cell, B cell and marcophages resulting in synovium 

degradation and cartilage erosion.  

Interaction of innate and adaptive immunity in the disease progression: The innate 

immune response in the genetically pre-disposed individuals is possibly activated by events 

such as the triggering of dendritic cells (DCs) through Toll-like receptors (TLRs). TLRs are 

expressed on different cell types of the body including synovial cells membranes. These 
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TLRs can bind and recognize exogenous material or foreign stimuli together with autologous 

antigens (Thomas et al., 1999; Firestein 2003; Cavanagh et al., 2005). These recognitions 

initiate an inflammatory process within the host cells which has been discussed earlier. As 

the inflammation continues, synovial dendritic cells activated by TLR ligands migrate to 

lymph nodes and initiate the polarization of inflammation. In the lymph nodes, activation of 

primed T-cells is done which are biased towards the Th1 phenotype. The synovial membrane 

is then infiltrated by T-cells, which produce IL-2 and IFN-γ. So the T-cell response attains a 

Th1 bias. Th1 cells also trigger delayed type of hypersensitivity (Abbas et al., 1996). When 

first stimulated with antigens and APCs, naive CD4
+
 T-cells also secrete low amount of IL-4, 

which acts for Th2 differentiation. Several other cell types are also reported to secrete IL-4 

including mast cells, basophils, NK cells, and autocrine Th2 cells themselves (Lafaille, 

1998). These Th2 cells help the activation of B-cells for the production of immunoglobulins 

(Ig) such as IgG1 and IgE antibodies during the progression of the disease and induce type I 

hypersensitivity (Abbas et al., 1996). The interaction of different APCs, T-cells, B-cells and 

their effector molecules is summarized in Fig. 2.5. Further, Th17 cells, which are the IL-17 

producing subsets of Th cells, are also an important effector T-cell subset in RA development 

and progression. It induces the release of a wide range of pro-inflammatory molecules 

including IL-6, prostaglandin E2, IL-1β, TNF-α etc (Kinne et al., 2000; Cope 2008). The role 

of IL-17 has been confirmed in the pathogenesis and development of RA-like conditions in 

the experimental animals (Lubberts et al., 2002), however, the role of Th17 cell types in 

human arthritic synovium is less clear (Kotake et al., 1999).  
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Figure 2.5. Interaction of antigen presenting cells (APCs; dendritic cells, macrophages etc), T-cells, 

B-cells and cytokines in the progression of RA in the synovium (Modified from Hochberg, 2009).  
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Antibodies) in 60-80% of the patients (Silverman and Carson, 2003). Immunoglobulin 

production in synovium also contributes to the local formation of immune complexes and 

activation of coagulation system. B cells also produce pro-inflammatory cytokines which up-

regulates the activation of macrophages, antigen-presenting dendritic cells, regulates 

differentiation of follicular dendritic cells (Dorner and Burmester 2003). The different roles 

played by the B-cell in the progression of RA have been shown in the Fig. 2.6.  
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Figure 2.6. The various functions of B-cells. APC, antigen-presenting cell; FDC, follicular dendritic 

cell during RA progression (Modified from Hochberg, 2009). 

Role of cytokines in RA progression:  The most important regulators of the progression of 
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Several groups of researchers have worked on the cytokine mRNA expression in the 

inflamed synovium of RA patients. Despite the differences in the duration of the disease, 

disease severity and treatment remedies between patients, all RA operative samples and 

biopsies showed the over expression a broad spectrum of pro-inflammatory cytokines. These 

results indicated that TNF-α is an apex pro-inflammatory cytokine. Some other major pro-

inflammatory cytokines identified are IL-1, IL-2, IL-10 etc. Analogous studies also evaluated 

the expression of anti-inflammatory cytokines like IL-6, IL-8 GM-CSF etc in the synovium 

of RA patients. With the progression of the inflammatory disease, rheumatoid synovium can 

be envisaged as an equilibrium, becoming tilted towards the pro-inflammatory side 

(Feldmann et al., 1996). The brief idea of the involvement of different cytokines has been 

described in the Fig. 2.7.  
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Figure 2.7. A notional idea about the effects of key cytokines in the progression of RA through the 

modulation of different immune cell types. (Modified from Hochberg, 2009)  APRIL: a proliferation-

inducing ligand; BLyS: B lymphocyte stimulator; RANKL: Receptor activator of nuclear factor 

kappa-B ligand. 
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The aggregation of immune cells in the synovium overproduce pro-inflammatory cytokines, 

mainly TNF-α, IL-1 and IL-6; which seem to constitute the pivotal event leading to chronic 

inflammation. The infiltration of more immune cells increases the production of more 

signalling cytokines at the point of inflammation and the more is the cytokine production, 

more circulatory immune cells infiltrate the joint to worsen the situation. As a result, the 

disease reaches more severe condition as the illness-tenure progresses.  As the disease course 

progresses, many other cytokines and chemokines are involved in RA progression, including 

IL-15, IL-18 and angiogenic factors. After binding to their specific receptors, these 

molecules regulate various signalling cascades like MAPK, nuclear factor-κB (NF-κB) or 

Jak/STAT signalling pathways leading to the activation or inhibition of genes responsible for 

mediation of inflammation and tissue degradation. Tissue-degrading enzymes like the matrix 

metalloproteinases (MMPs) and cell-surface molecules like selectins, integrins which are 

involved in inflammatory pathways, imparts striking characteristics of inflammatory 

responses. Following the infiltration of immune cells in the sub-lining region of the joint, the 

joint synovium is invaded by the immune cells and the lining layer of the cartilage-bone 

junction of the synovium converts into ‘pannus’. Pannus is the transformation of 

synoviocytes into hyperplastic aggressive type of inflamed tissue containing osteoclasts. The 

bones start to degrade because of the accumulation of osteoclasts. The degradation of 

cartilage is mainly mediated by the metalloproteinase enzymes present in the joint (Redlich 

et al., 2002; Goldring, 2003). 

In the arthritic synovium, the major infiltrating cells are the CD4+ T cells and macrophages 

which efficiently produce TNF-α. In the RA patients the TNF-α level is up-regulated and it 

serves as a potential factor for the production of other cytokines like IL-1, IL-6, IL-8, GM-

CS etc. Blocking of TNF-α with inhibitor drugs potentially down-regulates the expression of 

these cytokines. TNF-α increases the proliferation of marcophages, activated T cells, B cells, 

synovial lining cells; induces the proliferation of different cytokines as  well as collagenases 

and prostaglandins in the synovial lining cells (Vasanthi et al, 2007). TNF-α is also known to 

act against the suppressive activity of human regulatory T cells (Treg); as a result, high TNF-α 

in the patient’s body results in the defective Treg function which normally down-regulates the 

cytokine production (Farrugia and Baron, 2016). Collectively, TNF-α serves as a key 

molecule which controls different cellular and molecular communication cascade reactions in 
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the synovium during inflammation and contributes significantly to the degree of disease 

progression. TNF-α is a prime cytokine against which different inhibitors like Infliximab, 

adalimumab, etanercept has been used successfully to down-regulate the arthritis (Choy and 

Panayi, 2001) and the molecule reserves a vital area of interest for the scientists. 

Involvement of Cox in the RA progression:  Increased COX-2 expression in synovial 

tissues is of arthritic joint is mediated chiefly by the pro-inflammatory cytokines TNF-α and 

IL-1. There are two isoforms of Cox: Cox-1 which is associated with general housekeeping 

functions and Cox-2 which is not usually detected at high level in most tissues but its 

expression is rapidly increased following the introduction of different inflammatory stimulus. 

Such stimuli include cytokines and different chemokines which stimulate COX-2 

transcription by NF-κB and c/EBP activation. Additionally, signaling via cell surface 

integrins can also increase the expression of COX-2. Cox-2 is responsible for the production 

of different prostaglandins (PGs) among which Prostaglandin E2 (PGE2), is a major effector 

product of COX-2 in synoviocytes (Fig. 2.8). The PGE2 is responsible for alteration of the 

MMP equilibrium and increase the expression of the angiogenic factor VEGF and contribute 

extensively to the degree of inflammation (Crofford, 1999). Cox-2 over-expression in 

inflammation and RA induces pain as prostaglandins are the key effectors of pain sensation. 

Dilation of small blood and increased vascular permeability is induced by PGE2 which 

initiates inflammation; It also produces hyperalgesia by a sensitizing action on the peripheral 

terminals of sensory fibers.  
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Figure 2.8. Biosynthesis of prostanoids: the role of Cox-2 in the biosynthesis of different prostanoids 

along with PGE2 which is a key effector molecule of inflammation. 

Role of synovial fibroblasts in RA pathogenesis: Major structural characters of a synovial 

joint involve two components; the synovial fluid and the surrounding soft connective tissues 

which includes the articular cartilage, capsule and ligaments. This fluid-filled space is the site 

at which the articulating surfaces of the bones contact each other and attends flexibility to 

maneuver smoothly against each other (Smith, 2011).  

Local and systemic inflammation is one of the hallmarks of RA. In the inflamed 

synovium, during the RA progression, the structure of the site changes and becomes a two 

tissue layered structure: the first layer is the outer membrane-lining intimal region and 

second layer is the sub-intimal region. Each of the regions shows significant changes in their 

architecture. In the sublining region, T-cells constitute about 30-50% of cell varieties and 

about 5% of sublining cells are B-lymphocytes. The proliferation of blood vessels and 
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lymphoid aggregation is a common character for both the intimal and subintimal regions of 

inflamed synovium (Bartok and Firestein 2010). Other than inflammatory cells such as 

neutrophils and lymphocytes, Rheumatoid arthritis synovial fibroblasts (RASF) or type-B 

synoviocytes contribute significantly to the various pro-inflammatory pathways within the 

rheumatoid joint. The macrophage-like cells display extremely activated state and produce a 

large array of pro-inflammatory cytokines, chemokines, and growth factors that stimulate 

RASFs. Specifically, RASFs in the synovium lining layer display several features of cellular 

activation that ultimately result in aggressive and invasive ‘pannus’ (Pap et al., 2000). The 

activated cell types and their secretions contribute significantly to the progression of RA. The 

aforementioned interactive action of synovium, immune cells and secondary lymphoid 

organs are briefed in the Fig. 2.9. 

Role of reactive ions in RA progression: A growing body of evidence indicates the possible 

role of highly reactive products of oxygen and nitrogen, termed as free radicals, in the 

pathogenesis of RA as well as other degenerative diseases (Rathore et al., 2007). Reactive 

oxygen species (ROS) and reactive nitrogen species (RNS) are produced endogenously 

during aerobic metabolism at the sites of chronic inflammation. ROS such as superoxide 

radical, hydroxyl radical and hypochlorous acid contribute significantly to tissue injury in 

RA. In addition, activated leukocytes also produce ROS. ROS can directly or indirectly 

damage basic articular constituents and lead to the clinical expression of the inflammatory 

arthritis. Synovial cavity damage correlates with fluctuating oxygen pressure in the joint, 

over production of ROS, lack of oxygen-processing enzymes and free radical-scavenging 

molecules has been reported in RA. Oxidative stress exacerbates inflammation and worsens 

joint tissue. The normal equilibrium between ROS production and anti-oxidant system of the 

cell is disturbed due to oxidative stress, thus resulting in the damage to vital cell components 

such as proteins, DNA and membrane lipids. There are several studies demonstrating 

increased levels of malondialdehyde and decrease in the activities of catalase in RA patients. 

Similarly, glutathione reductase activities also get disturbed in the synovial fluid of patients. 

Moreover, the levels of thioredoxine, which is a marker of oxidative stress, are significantly 

higher in the synovial fluid of RA patients. Production of nitric oxide (NO) is also up 

regulated in arthritic tissue (Rathore et al., 2007). 
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2.2.5. Conventional medicines for RA 

 There are different groups of medicines used in the treatment of RA. The treatment 

goal is to reduce the pain and stiffness of the patient body and to improve organ function. 

The degree of pain is always a prime area of health in which patients want to see 

improvement. Non-steroidal anti-inflammatory drugs (NSAIDs) and COX-2 selective 

NSAIDs (known as coxibs) are, though do not belong to any distinct chemical class, but 

primarily works on inhibition of prostaglandin production. 

 Cyclooxygenases (Cox) are a group of enzymes which mediates the conversion of 

arachidonic acid into inflammatory prostaglandins. Prostaglandins (PGs) mediate body’s 

response to tissue-injury or inflammation. Phospholipids are converted into arachidonic acid 

by phospholipase A2 enzyme; which is further converted into prostaglandin G2 by 

cyclooxygenase reaction; PGG2  is then converted into PGH2 through peroxidase reaction. 

Different isomerases of PG synthase enzymes then convert PGH2 into different 

prostaglandin forms including PGD2, PGE2, PGI2, PGF2α, TXA2 etc. These PGs exert 

autocrine or paracrine function and works through G-protein coupled receptors. 

Prostaglandin E2 (PGE2) is a key molecule involved in the inflammatory process and in pain 

signalling. PGE2 dilates the smaller blood vessels which initiates the inflammatory response 

and results in swelling, redness, heat and pain. It also acts on neurons and contribute to the 

systemic inflammatory responses like fever, pain, fatigue, hyperalgesia etc. PGs produced by 

Cox-1 exert the “housekeeping functions”; in contrast, Cox-2 is not detected in most tissues 

but its expression is rapidly increased following the introduction of inflammatory stimuli like 

the pro-inflammatory cytokines, lipopolysaccharides, mitogens and oncogenes, growth 

factors, platelet-derived growth factors, epidermal growth factors and hormones, resulting in 

increased PG synthesis in inflamed region (Zarghi and Afraei, 2011). NSAIDs inhibited two 

isoforms of Cox namely Cox-1 and Cox-2. However, the major concerns with NSAIDs are 

the risk of severe adverse side effects including the impairment of housekeeping function of 

the Cox-1 genes. The management of such side-effects were  reduced after the discovery of 

two Cox isoforms namely Cox-1 and Cox-2 in early 1990s and the focus shifted to selective 

Cox-2 inhibition and retention of normal “house-keeping” functions of Cox-1 (Hawkey, 

1999; FitzGerald and Patrono, 2001). The most important mechanism of action of these 
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medicines is focused on the inhibition of prostaglandin production by competing with 

arachidonic acid in the binding site of Cox-2 (Smith et al., 1990). The first medicine in this 

aspect, coxibs, a selective Cox-2 inhibitor, appeared in the market around 1999. An extensive 

study on NSAID, however, demonstrate that there is a slight high risk of gastrointestinal 

events, increased risk of thrombotic cardiovascular events (Lanas et al., 2007; McGettigan 

and Henry, 2006). Most NSAIDs compete with arachidonic acid for binding with the 

catalytic site of Cox-2. As a result, the formation of prostaglandin is reduced and 

inflammation is down regulated (Hochberg et al., 2009). 

 Glucocorticoids (GCs) are a group of steroids that works on different cytosolic GC 

receptors (cGCR), membrane bound GC receptors (mGCR), or acts via non-specific 

interactions through cell membrane (Buttgereit et al., 2004). GC works primarily through 

trans-activation or trans-repression. Furthermore, interaction of activated cGCR with 

different transcription factors is also recognized as an important genomic mechanism of GC 

action (DeBosscher et al., 2000; Vacca et al., 1992). GCs have been used efficiently against 

RA. GCs are lipophilic substances which can easily pass the cell membrane. To exert their 

effects, GCs need to bind to a specific cytoplasmic GC-receptors (cGCRs). A conserved 

central domain of GCR is involved in binding of GCRs directly to the to the DNA using their 

zinc finger domains. GCRs are about 800 amino acid residue-long, with certain areas of the 

molecule showing homology with other steroid receptors, thyroid hormone receptors and 

retinoic acid receptors. GCRs are free in cytoplasm. When glucocorticoids enter a cell by 

passive diffusion through the cell membrane, they bind to GCRs, changes the molecular 

conformation and form dimer. Upon this activation, GC-GCR complex passes the nuclear 

membrane and binds directly to the major groove of DNA in specific regions or interact with 

other transcription factors. It can also modulate the stability of specific mRNA molecule. 

Several steroid sensitive genes contain glucocorticoid-responsive elements (GREs) to which 

the GC-GCR complex binds (Van der Velden, 1998). This binding is followed either by 

classical cGCR-mediated genomic effects or by different other cGCR-mediated non-genomic 

effects. GCs can influence the transcription of approximately 1% of the total genome 

(Hochberg, 2009) by either ‘transactivation’ or ‘trans-repression’. The activated GC-cGCR 

complexes translocate into nucleus and binds with specific DNA sites known as GC-

responsive elements (GREs). Trans-repression of IL-1, IL-6, TNF-α, Cox-2, phospholipase 
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A2 genes occur; transactivation of lipocortin-1 also takes place – all contributing to the anti-

inflammatory effects. The non-genomic function includes the non-specific interaction of GCs 

with cell membrane. All primary or secondary immune cells are more or less affected by 

GCs. GCs suppress the number of circulating monocytes, macrophages, T-cells and 

granulocytes (Hochberg et al., 2009).   

 Disease-modifying anti-rheumatic drugs (DMARD) are another group of medicines 

that came into the market as an anti-rheumatic medicine for its excellent efficacy and strong 

safety profile (Kremer, 2004). Methotrexate, Leflunomide are two must mentioned medicines 

in this regard. They show a wide array of mechanism of actions and differ significantly from 

one another. DMARDs generally inhibit the pyrimidine synthesis pathway resulting in the 

down regulation of lymphocyte proliferation. Methotrexate is an analog to folic acid which is 

an essential co-factor for variety of enzymes essential to purine and pyrimidine synthesis. 

Thus, when administrated, it interferes with the ability of folic acid to serve as a co-factor for 

the activation of various enzymes essential for the production of purine and pyrimidine.  As a 

result, it inhibits the proliferation of different immune cells in inflamed condition (Breedveld 

and Dayer, 2000). Another DMARD namely leflunomide downregulates de novo pyrimidine 

synthesis through inhibiting dihydroorotate dehydrogenase, a rate limiting factor resulting in 

a pyrimidine crisis in lymphocytes (Breedveld and Dayer, 2000). Activated lymphocytes 

expand their pyrimidine pool approximately 8 folds during proliferation. In contrast, purine 

pools are increased approximately 2 folds. Thus, inhibition of dihydroorotate dehydrogenase 

prevents lymphocyte from accumulating sufficient pyrimidines to support DNA synthesis 

and exert immunomodulatory function. However, there are other DMARDs like hydroxyl-

chloroquine, chloroquine, sulfasalazine, tetracycline-derivatives, gold, azathioprine, 

cyclosporine and many more. There is good evidence that other DMARDs alone or in a 

combinational way, help the improvement of RA and its management (O’dell, 2001). 

 Different cytokine inhibitors have been approved as a remedy in RA in recent times. 

Drugs to control the cytokine network seem to be advantageous in the inhibition of disease 

progression. Different experiments and clinical trials on animal models and humans have 

provided the scientific community useful information about the role of cytokines and other 

biomolecules in RA (for example, Cox-2) as well as the effect of their inhibition by different 
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drugs. Some are being developed and undergoing different clinical trial phases. Infliximab, 

adalimumab, etanercept are some of the TNF-α inhibitors being used in the medication. For 

infliximabs, the exact mechanism of action is not well understood expect the direct activity 

of the molecule that neutralizes cytokines. The compound is purified; recombinant-DNA 

derived chimeric human-mouse IgG monoclonal antibody that consists of mouse heavy and 

light chain variable regions combined with human heavy and light chain constant regions 

(Akiho et al, 2015). It neutralizes the biological activity of TNF-α by binding with the high 

affinity to the soluble or membrane-bound forms of TNF-α, and inhibits the effective binding 

of the TNF-α with its receptors (Choy & Chung, 2001). IL-1 receptor antagonists like 

anakinra is also in use. Another group of medications include tocilizumab, which is 

humanized anti-human IL-6 monoclonal antibody which specifically targets IL-6; rituximab, 

a high-affinity chimeric monoclonal antibody specific to CD20 which helps in the depletion 

of B cells interacting in the inflamed joint (Hochberg et al., 2009). 

2.2.6. Animal models of RA 

 Several animal models have been established to conduct experiments regarding the 

pathogenesis and treatment of auto-immune arthritis. These models have striking similarities 

with the clinical, immunologic and histologic characteristics of the human RA, although no 

animal model fully replicates all the features of RA. But these models significantly contribute 

to the research fields of RA. The most commonly used model animals are the rodents. There 

are two distinct categories of animal models: one is experimentally induced and the other one 

is spontaneously induced disease model. Arthritis can be induced in susceptible mouse or rat 

strains through introducing microbial products, joint-specific antigens, routine test antigens 

and many other compounds. Alternatively certain mouse strains that develop spontaneous 

arthritis serve as the experimental model as well. The brief account of different arthritic 

models has been given in the Table 2.4. 
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Table 2.4: A brief account of some efficient rodent arthritic models used in RA-associated 

research (modified from Hochberg, 2009).  

Experimentally-induced arthritis 

Model Preferred Rat/ mouse 

Strains 

Sex bias RF presence References 

Adjuvant-induced 

arthritis (AIA) 

Lewis, Wistar albino rats - - Taurog et al., 

1988; Newbould 

1963. 

Streptococcal cell 

wall-induced 

arthritis SCWIA) 

Lewis rats  + - Cromartie et al., 

1977 

Collagen-induced 

arthritis (CIA) 

Lewis rats - - Ridge et al., 1988 

Spontaneously-induced arthritis 

Rat/ mouse strain Arthritogenic process Sex bias RF presence References 

K/BxN Abs against glucose-6-

phosphate isomerase 

- - Korganow et al., 

1999 

SKG Mutation in SH2 domain of 

ZAP 70 resulting in thymic 

selection defect 

+ + Sukaguchi et al., 

2003 

BALB/cA IL-1Ra
-/-

 Deficiency in IL-1Ra  - + Zhou et al., 2005 

  

2.2.6.1. Adjuvant-induced arthritis in rodents 

 Adjuvant-induced arthritis (AIA) is a polyarthritis unique to different rat models. The 

model has a wide acceptance in the research domains of RA and was accepted as the model 

for the anti-arthritic studies in this thesis (Newbould, 1963; Taurog et al., 1988). AIA is 

generally achieved by injecting Freund’s complete adjuvant (FCA or CFA) in the inter-

plantar region of the hind paw of experimental rats. FCA contains high concentrations of 

heat-killed Mycobacterium tuberculosis in mineral oil. The paw joint swelling develops 

within 4-5 days and disease develops prominently within 10-12 days. Booster doses can be 

introduced to flare up the inflammation in later phases of disease progression. This disease 

model is characterized by swellings in the inflamed joint, erythema, tenderness in the joints 



Chapter 2: Review of Literature 

~ 41 ~ 
 

of hind-paw and forepaws. There is no significant influence of sex of the animal on disease 

progression. Histological sections of the affected joints demonstrate synovial inflammation, 

pannus formation with mononuclear cell infiltration, cartilage and bone erosions, ankylosis 

and even granuloma formation in periarticular tissue. AIA is a T cell mediated autoimmune 

disease. The features of this model are reliable, robust and easily measurable. Cartilage 

destruction occurs but remains mild in comparison to the degree of inflammation and bone 

destruction of the inflamed joint (Bendele 2001). 

 Animal testing of new products of formulations in rodents and other subhuman 

primates are essential pre-requisites for conducting detailed pre-clinical and clinical trials on 

RA patients. Any protocol for the conductance of such processes have been validated and 

standardized by different authorities including Food and Drug administration (FDA). 

However, strict monitoring of animal ethical committees and other ethical formalities are to 

be considered, validated and maintained by the experimenting authorities. Especially 

experimentally-induced arthritic models have been the mainstay of preliminary screening of 

anti-arthritic agents and related toxicity tests (Hochberg, 2009). 
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2.3. Aloe Vera: the subject plant 

Aloe vera is one of the most commonly used plants in the field of herbal medicine. 

The plant has been used by different ethnic populations all around the world. The plant is 

naturalized in the Indian subcontinent with wide distribution. The use of this plant has been 

well recorded in the ancient Indian, Greek, Roman, Chinese and Egyptian culture and its 

medicinal properties have covered a wide variety of disease symptoms. The name of the 

genus Aloe comes from the ancient Arabic word “Alloeh” which means bitter and shining 

substance, referring to its gel like parenchymal part of the inner leaf. The scientific name of 

Aloe vera (L.) Burm f. is validated by the International Rules of Botanical Nomemcleture as 

the legitimate name for the species along with its synonyms like Aloe barbadensis Mill, Aloe 

chinesis Bak etc. (Tucker 1989; Ahlawat and Khatkar,2011). The systematic position of the 

plant is as follows: 

Kingdom Plantae 

     Subkingdom Tracheobionta 

          Superdivision Spermatophyta 

               Division Magnoliophyta 

                    Class Liliopsida 

                         Subclass Liliidae 

                              Order Liliales 

                                   Family Aloaceae 

                                        Genus Aloe L. 

                                             Species Aloe vera (L.) Burm. f.  

 

Synonym: Aloe barbadensis Miller; Aloe vulgaris Lam; Aloe chinesis Bak 

Classification of Aloe vera (L.) Burm. f. following the PLANTS database. (https:// 

plants.usda.gov 20 June 2020), National Plant Data Team, Greensboro, NC 27401-4901. 

USA) 

 

2.3.1. Description of the plant 

 The plant is a stem-less or short-stemmed plant, succulent in nature (Fig. 2.10). The 

plant has fleshy thick leaves, generally green to grey-green, grows up to 60-100 cm and 

spreads by offsets. Aloe vera is a perennial clump forming plant, having large basal leaves, 

usually 12-16 per plant and with a thick fibrous root. The plant has a weight of about 1.5 kg 
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when mature and shows a life span of approximately 12 years. The margin of the leaves 

contain very small teeth-like serrated edge. The flowers are generally produced in summer, 

generally spikes up. Some varieties of the plant shows white flecks on their leaf and lower 

stem surfaces. The thick fleshy leaves are made up of gel-like parenchyma layer (Grindlay 

and Reynolds 1986; Eshun and He 2004; Surjushe et al., 2008).  

 

Figure 2.10. The Aloe vera plant.  

2.3.2. Distribution of the plant 

 The plant is known to be originated in the tropical regions of Africa and it is now 

naturalized in warm climatic areas of Asia, Europe and America. The species is cultivated for 

its economic values as well (Harding, 1979). The plant is well distributed globally in all 

tropical and sub-tropical regions including Asia, Africa, South America, Southern part of 

North America and Australia. In India, the plant is naturally grown in North-Eastern India 

and sub-Himalayan region. The plant is seen in the southern part of the country as well. The 



Chapter 2: Review of Literature 

~ 44 ~ 
 

medicinal plant garden of the University of North Bengal has maintained this plant. The plant 

is naturally grown in the different areas of the campus and in the adjacent areas as well (Fig. 

2.11).  

 

Figure 2.11. Global distribution of the plant Aloe vera. (Modified from Chinchilla et al., 2013; 

www.discoverlife.org)  

2.3.3. Major constituents of the plant 

 Aloe vera whole leaf, including the gel and latex, contains more than 200 

phytocompounds (Davis, 1997). The gel contains more than 98% of water (Bozzi et al., 

2007). The solid content of the gel is about 0.66% and about 0.56% solid content is soluble in 

different solvents. However, the chemical composition, potency and amount of the 

constituents are influenced by changes in the seasons, soils, climatic conditions, extraction 

and harvesting methods and shows fluctuation (Boudreau and Beland, 2006; Rodriguez 

Rodriguez et al., 2010). The growth stages also contribute to its phytochemical constituents 

(Hu et al., 2003). The solid portion of the gel consists of about polysaccharides (~55%), 

sugars (~17%), minerals (~16%), proteins (~7%), lipids (~4%) and phenolic compounds 

(~1%) (Luta and McAnalley, 2005) (Fig. 2.12). 
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Figure 2.12. Chemical composition of Aloe vera gel (on dry weight basis) (Modified from Luta and 

McAnalley 2005).  

  

 

It contains vitamin A, C, E, thiamine, niacin, riboflavin, choline and folic acid as well 

(Lawless and Allen, 2000). Vitamin B12 is also found in trace amounts which are generally 

available from animal sources (Coats 1979; Atherton, 1998). A detailed account of the 

compounds has been provided in Table 2.5. 
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Table 2.5: Summary of the phytochemicals of Aloe vera pulp and exudates (Ni and Tizard, 

2004; Dagne et al., 2000; Femenia et al., 1999; Choi and Chung, 2003). 

Group Compounds 

Anthraquinones/anthrones Aloe-emodin, aloetic-acid, anthranol, aloin A and B (or 

collectively known as barbaloin), isobarbaloin, emodin, ester 

of cinnamic acid 

Carbohydrates Pure mannan, acetylated mannan, acetylated glucomannan, 

glucogalactomannan, galactan, galactogalacturan, 

arabinogalactan, galactoglucoarabinomannan, pectic 

substance, 

xylan, cellulose 

Chromones 8-C-glucosyl-(2′-O-cinnamoyl)-7-O-methylaloediol A, 

8-C-glucosyl-(S)-aloesol, 8-C-glucosyl-7-O-methyl-(S)-

aloesol, 8-C-glucosyl-7-Omethylaloediol, 8-C-glucosyl-

noreugenin, isoaloeresin D, isorabaichromone, neoaloesin A, 

Enzymes Alkaline phosphatase, amylase, carboxypeptidase, catalase,  

cyclooxidase, cyclooxygenase, lipase, oxidase, phosphoenol,  

pyruvate carboxylase, superoxide dismutase 

Minerals Calcium, chlorine, chromium, copper, iron, magnesium, 

manganese, potassium, phosphorous, sodium, zinc 

Lipids and miscellaneous 

organic compounds 

Arachidonic acid, γ-linolenic acid, steroids (campestrol, 

cholesterol, β-sitosterol), triglicerides, triterpenoid, 

gibberillin, lignins, potassium sorbate, salicylic acid, uric acid 

Amino acids Alanine, arginine, aspartic acid, glutamic acid, glycine, 

histidine, hydroxyproline, isoleucine, leucine, lysine, 

methionine, phenylalanine,proline, threonine, tyrosine, valine 

Proteins Lectins, lectin-like substance 

Saccharides Mannose, glucose, L-rhamnose, aldopentose 

Vitamins A, C, E, B1, B2, B6, C, β-carotene, choline, folic acid, α-

tocopherol 



Chapter 2: Review of Literature 

~ 47 ~ 
 

2.3.4. Ethnic and medicinal usage of the plant  

 From Mesopotamian period dated 1750 B.C.E., Aloe vera has been documented as a 

pharmaceutical remedy. In the ancient Egyptian books (550 B.C.E.), Aloe vera has been 

mentioned as a remedy against skin infections. In 74 B.C.E., Greek physician Dioscorides, in 

his book De Materia Medica, described Aloe as a wound healer, infection healer, hair-loss 

preventive measure and hemorrhoid eliminator (Davis, 1997). The documentation of oral and 

topical use of Aloe vera has been created since the ancient period and has been explored for 

its different properties in different time. With the emergence of evidence-based 

complementary and alternative medication, Aloe vera had become one of the key interests of 

the researchers for its wide array of efficacy. The first credible report regarding the 

therapeutic use of Aloe vera was documented in 1935 as a remedy against radiodermatitis, 

when the gel was applied topically (Collins and Collins, 1935). Subsequent similar cases 

were documented in the following years (Wright, 1936).  

 The second-degree thermal burn was also successfully ameliorated using Aloe vera 

gel (Tchou, 1943). Some of the first reports on the anti-inflammatory property of genus Aloe 

in rat model were reported in 1982, where the Aloe vera has been used as a pharmaceutical 

remedy in rat burn wounds, anti-prostanoid activity of the gel was thought to be a important 

for imparting its anti-inflammatory activity (Robson, 1982). Hanley reported in 1982 that 

Aloe vera gel could down-regulate the inflammatory response in adjuvant-induced rats 

(Hanley, 1982)  

 In the Indian medicinal systems, the plant enjoys a great degree of popularity. The 

Sanskrit name of Aloe vera ‘Ghrita kumari’ contains the term ‘kumari’ which means young 

girl as it is believed to bring back youthful energy and femininity (Lanka, 2018). Aloe is also 

used as a tonic for the female reproductive system. According to Ayurvedic documentations, 

Aloe has been used as an appetite-stimulant, purgative, diuretic, laxative and against cough, 

cold, piles and different other diseases. People from Tamil Nadu and from many other 

regional cultures of India use Aloe as a food (Ghazanfer, 1994; Heber, 2007).  

 Worldwide, different other prospects of this medicinal plant have been explored in 

the recent decades which have made the plant more useful for medicinal uses. Aloe vera gel 
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has been seen to reduce alcohol-induced acute gastritis in experimental animals (Park et al., 

2017). It has also been used experimentally to increase the salivary flow rate in male Wistar 

albino irradiated model (Nejaim et al., 2014). When treated with Aloe vera, the incision 

wound of Wistar rats were healed and increased production of fibroblasts and TGF-β was 

observed (Takzaree et al., 2016). Improvement in the organization of skin and collagen was 

also observed in a different study on the same model (Brandão et al., 2016). In the alloxan-

induced diabetes with wound models, Aloe vera gel was used to down-regulate the 

production of necrotic tissue and inflammation. Wound areas were healed significantly and 

better re-epithelialization was observed (Sari et al., 2018). In the X-ray irradiated male 

Balb/c mice, the hepatic and renal function parameters were improved, ROS production was 

reduced, lactate dehydrogenase and lipid peroxidation activity was down-regulated after 

treating with Aloe vera aqueous extract (Bala et al., 2018).  In the acetaminophen-induced 

hepatitis models, Aloe vera was seen to reduce the expression of IL-12 and IL-18 cytokine, 

ALT transaminase and also reduced hepatitis (Werawatganon et al., 2014). The Aloe vera 

extract is also seen to reduce the inflammatory Cox-2 and VEGF levels in breast cancer mice 

model (Shirali et al., 2017). Different disease parameters including blood glucose, insulin 

level, lipid alteration, oxidative stress, neuronal loss in hippocampus were brought back to 

normalcy in the streptozotocin-induced rat models after treating with Aloe vera extract (Noor 

et al., 2017; Arora et al., 2019) and crude gel  (Tabatabaei et al., 2017). Aloe vera has been a 

curative remedy in different ischemia-reperfusion injury models established in rats and has 

provided significant cardio-protective effect as well (Guven et al., 2016; Sahin et al 2017). 

Remarkable activity of Aloe-emodin, an Aloe vera gel compound has been observed in cell 

culture of MH7A human RA synovial fibroblast-like cells where the compound has provided 

protection against rheumatoid arthritis by down-regulating viable cell numbers and inducing 

apoptosis (Hashiguchi et al., 2017). It is said to be a complementary treatment to the 

conventional medicines like methotrexate. 

 Apart from different extracted or purified phyto-compounds of Aloe vera (Table 2.5), 

the naturally harvested crude unprocessed Aloe vera gel has not been explored for its 

medicinal properties. Works on crude unprocessed gel, however, has shown that the crude 

gel is efficient in animal models (Tabatabaei et al., 2017) which show its effectiveness on a 

wide spectrum of behavioural deficits, anxiety-like behaviours, cognitive and exploratory 
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properties, depression-like behaviour, locomotory tiredness, weight loss and in the 

experimental diabetic rats.     

 

2.5. Cytokine targeting drug and herbal medicine: New era of RA prevention 

 As discussed earlier, the cytokines and Cox-2 constitute the most important 

communication pathway in the pathogenesis of RA which has an in-depth role in the 

progression of arthritic condition. TNF-α, different interleukins and other chemokines are 

responsible for the infiltration of immune cells at the inflamed joint (Feldmann et al., 1996). 

In a detailed study on rat knee, the TNF-α and IL-1β was seen to launch inflammation. A 

dose of 10 µg of TNF-α injected in the knee joint space of hind paw produced significant 

increase in the inflammatory symptoms and cartilage matrix destruction (Bolon et al., 2004). 

Cox-2 plays pivotal role in the inflammation by promoting prostaglandins which evoke 

inflammatory pain (Goldenberg 1999). It has been seen in clinical trials that different 

cytokine inhibitors and (Maini and Taylor, 2000) Cox-2 inhibitors (Goldenberg 1999) has 

efficiently down-regulated the progression of RA when used alone or along with other 

conventional drugs. The usefulness of these findings is associated with the emerging concept 

of targeting cytokine networks using drugs to ameliorate RA (Maini and Taylor, 2000). 

 Beside the conventional therapies and drugs, different plant extracts and plant-based 

products have showed effective interaction with cytokines in silico.  Known phyto-

compounds from Cannabis sativa, Prunella vulgaris and Withania somnifera has been has 

been seen efficiently binding with different cytokines in silico (Zaka et al., 2017). Different 

isolated biomolecules from genus Phyllanthus (Family Euphorbiaceae) has bound efficiently 

with Cox-2, PGE synthase, TNF-α and IL-1β, and the NMDA receptor (Chopade et al., 

2015). Compounds present in Aloe vera (kaempferol), Arctium lappa (arctiin), Camellia 

sinensis (epigallocatechin gallate), Capsicum annuum (capsaicin), Chamaemelum nobile 

(apigenin), Curcuma longa (curcumin diglucoside, curcumin monoglucoside), Matricaria 

chamomilla (chamazulene), Matricaria recutita (bisabolol), Myrica cerifera (myrcetin), 

Senegalia catechu (catechin), Sophora japonica (sophoricoside), Syzygium aromaticum 

(eugenin), Tagetes lucida (isorhamnetin) and Wikstroemia indica (daphnoretin) also have 

been used in molecular docking and has shown efficient binding affinity with cytokines like 
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TNF- and IL-1 (Xu et al., 2018). Aloe vera based phytocompounds like kaempferol, Aloesin, 

barbaloin, aloe-emodin and other anthroquinones have proved efficient in interaction with 

TNF- α, NF-κB , MMP-9, COX-2 in silico (Kshirsagar et al., 2014; Xu et al., 2018; Tripathi 

et al., 2018).  

 Along with the in silico findings, different in vivo approaches using appropriate 

animal models or cell culture-base studies are also successful to establish the fact that plant 

based compounds can effectively interact with the cytokine network thereby affecting the 

progression of RA. The different herbal crude products, extracted in aqueous medium or in 

different solvents have shown promising role in amelioration of inflammation and 

inflammatory diseases. Aqueous extract of Trachyspermum ammi seeds were seen to actively 

down-regulate the Cox-2 and iNOS expression in the cartilage of the collagen-induced 

arthritic rats along with other physiological parameters (Korani and Jamshidi, 

2020).Treatment with Withania somnifera root extract was shown to down-regulate iNOS, 

NF-κB, TNF-α, MMP-8 mRNA expression in the synovial tissue of arthritic rats (Khan et al  

2019). Anti-arthritic properties of crude extract of Piptadeniastrum africanum have been 

evaluated in FCA-induced arthritic rat models and it was shown to down-regulate TNF-α and 

IL-2 expression; the plant extract also decreased the proliferation of T cells and ROS 

production when administrated in vivo (Mbiantcha et al., 2017). Moringa rivae leaf extract is 

seen to down-regulate the transcription of TNF-α, Cox-2 and different other cytokines in the 

FCA-induced inflammatory arthritic rats (Saleem et al., 2020). Fekugreek (Trigonella 

foenum graecum) seeds extracted in ethanol significantly brought back different arthritic 

parameters towards normalcy including ESR, TC WBC, DC WBC, RBC, haemoglobin 

counts and down-regulated the production of cytokines like TNF-α in the arthritic animal 

models (Suresh et al., 2012). Dried gum resin of Boswellia carterii has shown potential 

down-regulation of TNF-α, IL-1β and also decreased arthritic paw edema and other arthritic 

parameters in adjuvant-induced inflammatory rats (Fan et al., 2005). Xanthium strumarium 

fruit, a widely used medicinal remedy in China was also effective against adjuvant-induced 

arthritic rats regarding the down-regulation of TNF-α and Cox-2 and for lowering the 

arthritic paw swelling (Lin et al., 2014). The plant parts of Ephedra gerardiana extracted in 

different solvents were observed to attenuate FCA-induced arthritis in Sprague Dawley rats 

by down-regulating different cytokines and Cox-2. Poly-herbal formulations like Kashayams 
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were used to treat the arthritic rat models. It controlled the elevated levels of Cox-2, TNF-α, 

iNOS mRNAs in vivo (Aswathy et al., 2021). In the cell-culture based experimentation, LPS-

induced mice macrophage RAW 264.7 cell line, when incubated with phytocompounds 

obtained from Litsea cubeba, showed down-regulation of iNOS and Cox-2 which were 

elevated in the cultured cells due to LPS induction (Lin et al., 2016). Agnuside, a compound 

isolated and purified from the leaf extract of a plant Vitex negundo was orally administrated 

in adjuvant-induced polyarthritic Wistar rats and a large array of pro-inflammatory mediators 

and cytokines were assessed through flow cytometry. Those molecules are known to have 

increased expression in inflammatory arthritis. It was seen that the pro-inflammatory 

cytokines (IL-2, TNF-α, IL-4, IL-10, IL-17) and pro-inflammatory mediators (Prostaglandin 

E2 and leukotrine B4) were down regulated in the agnuside treated animals in a dose 

dependent manner (Pandey et al. 2012). 

 A detailed exploration of the plant Aloe vera and its crude gel, however, has not been 

done in detail in appropriate animal models and it is required to draw a confirmatory 

conclusion about the role of this plant and its constituents against the inflammatory 

symptoms of RA.  

 The efficacy of botanical products and plant extracts in the prevention of 

inflammation and RA produce the foundation knowledge about the importance of bio-

prospecting for newer synergistic combinations and pharmacological agents. In different 

cases, ‘Traditional’ medicinal systems recommend complex mixtures of herbs or crude part 

of the plant which holds an approach to control different multi-factorial causes such as 

chronic and degenerative ailments. Compared to ‘one disease- one target- one drug’ concept 

of biomedicine, traditional medicinal systems bank on the concept that, a mixture of 

moderately active metabolites present in an extract would be potentially able to interfere and 

regulate different proteins on the same signaling pathway leading to synergistic 

pharmacological effects (Leonti and Casu, 2013). There have been studies on several herbal 

remedies about synergism and antagonism, pharmacodynamics, pharmacokinetics, dosing 

and interactions; however, more explorations are required in depth. Traditional knowledge, 

particularly from the great traditions of Ayurveda and Traditional Chinese medicine will 

have an important role in bio-prospecting. A golden triangle strategy, which integrates 
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modern medicine, traditional knowledge and the robust use of science and technologies with 

a systems biology approach, is an efficient approach to open up new opportunity windows 

for herbal medicine and CAM therapy. 

 The Golden triangle approach (Patwardhan and Gautam, 2005) for finding new 

alternative remedy against inflammatory arthritis and other inflammatory conditions using 

herbal and natural resources has been the background of this present thesis (Fig. 2.13).  

 

Figure 2.13. Golden triangle approach. It integrates traditional wisdom, contemporary science and 

technology, and the evidence based of modern medicine, where the holistic strategies are reflected 

from the principles of systems biology (Patwardhan and Gautam, 2005). 

 Using the traditional knowledge on Aloe vera, I have tried to explore the role of this 

plant against inflammation and RA in suitable animal models. Crude plant and poly-herbal 

formulations are known to have better efficacy in Ayurveda due to the synergistic role of 

different components present in the different plants (Leonti and Casu, 2013, Parasuraman et 

al., 2014). The traditional medicinal systems also encourage the use of multiple metabolites 

present in a single plant extract or in a mixture of plants to interfere with different 

physiological pathways resulting in a complete cure (Leonti and Casu, 2013). The same 

principle has been kept in consideration during the exploration of the subject plant in the 

inflammatory arthritic condition. The crude unprocessed homogenized extracts have been 
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used in the present dissertation to investigate the efficacious role of the Aloe vera gel against 

inflammation and inflammatory arthritic condition.  
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OBJECTIVES OF THE STUDY 

The objectives of the thesis remain as follows: 

1. To standardize the crude extract, aqueous and alcoholic extraction procedure of Aloe 

vera crude gel along with in vivo toxicity tests and dose determination. 

 

2. To investigate the anti-inflammatory potential of extracts of Aloe vera crude gel in 

anti-inflammatory models in Rats. 

 

3. To evaluate the anti-arthritic properties of extracts of Aloe vera crude gel in 

rheumatoid arthritic model in rats. 

 

4. To analyze the expression profiles of few related cytokine genes in the rheumatoid 

arthritic rat models in response to Aloe vera crude gel by Real time Reverse 

Transcriptase PCR method. 
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3.1. MATERIALS 

3.1.1. Experimental Animals  

Wistar albino rats were selected for all the experiments. As per requirement, adult 

animals, weighing from 100±10 g to 150±15 g, were procured from authorized animal 

distributors (M/s Ghosh Enterprise, Kolkata and M/s Somenath Chakraborty Enterprise, 

Kolkata, INDIA) following ethical permission and were kept in the Departmental Animal 

House facility. 

3.1.2. Experimental Plant Materials 

Aloe vera is a naturally occurring plant in the sub-Himalayan region of West Bengal. 

The naturally grown plant leaves were collected from the campus of University of North 

Bengal and adjoining areas. The plant leaves were collected throughout the year as per 

requirement during the experimental tenures and were used immediately following collection 

to ensure fresh usage of the plant product. The identification of the Aloe vera has been done 

in the Taxonomy Laboratory of the Department of Botany, University of North Bengal and a 

specimen sample has been submitted to Departmental herbarium of the Department of 

Botany (Accession number: NBU09884).  

3.1.3. Drugs and Chemicals 

The drugs and chemicals used for different experiments have been described in the 

appropriate sections of methodology. All the chemicals used for different experiments were 

molecular biology grade. The kits were procured from different vendors and were used 

following the manufacturers’ advice. Any modifications made during the procedure have 

been mentioned in the respective method sections. 
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3.2. METHODS 

3.2.1. Animal Maintenance & Handling 

In the animal house, the room temperature was controlled at 24±2°C; day/night cycle 

of 12h/12h was maintained and animals were fed with standard pellet food obtained from 

authorized vendors. Water was provided ad libitum. All animals were acclimatized for a 

period of at least 7 to 10 days before the initiation of the experiments. Five or fewer rats were 

kept per cage during the entire incubation and experimental period. Paddy husk was used as 

animal bedding material and was changed at a regular interval of 2 days. For the 

experiments, oral feeding of the plant product was done with the help of oral gavages. The 

animals were kept in starvation for about 3 h prior to feeding. The feeding was scheduled to 

be in the same time of each day during experiment. The procedures related to the 

maintenance of animals have been modified following NCLAS, Hyderabad provided 

guidelines [14.139.60.56/icmr/nclas.htm]. The experiments were subjected to two different 

animal ethical committee permissions under the Institutional Animal Ethical Committee 

(IAEC, Department of Zoology, University of North Bengal. The first phase of the study was 

supported by ethical committee approval number 840/ac/04/CPCSEA for the period of 2013-

2018; the following part of the work was supported by ethical committee approval number 

IAEC/NBU/2018/02 for the period of 2018-2020 [ANNEXURE II]. 

3.2.2. Preparation of Plant Extract 

3.2.2.1. Preparation of aqueous and alcoholic extract and dose determination 

 The Aloe gel was separated from the green leafy outer layer with the help of a sterile 

spatula and was weighed in a balance. The amount of the gel was then mixed with a known 

amount of water or methanol in a weight/volume manner (generally in a ratio of 1:5 or 1:3). 

The mixture was homogenized properly using a 10 ml glass homogenizer till the mixture 

becomes slimy and devoid of any solid structure. The homogenized product was kept at room 

temperature for 10 minutes. This was followed by centrifugation of the homogenized mixture 

at a slow speed of 400 rpm for 5 minutes. This process removes all the cellular debris which 

precipitates as a pellet. The clear supernatant was collected for each feeding schedule. The 
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process was repeated every day before feeding the experimental animals, to ensure the 

consumption of fresh Aloe gel by the model animals. 

 The aqueous crude, as well as methanolic crude extractions of Aloe vera gel was 

prepared keeping in mind the ways of consumption of Aloe gel by the ethnic people (Morton 

1961, Shedoeva et al., 2019). The traditional knowledge of Aloe gel consumption was kept in 

mind during the preparation of the plant extract to be consumed. In traditional practices, Aloe 

vera gel, which is the fleshy parenchymal layer devoid of any green external part, is collected 

every day and usually consumed freshly without any further processing.  Storage of the 

whole leaves was done in refrigerator at 4-6°C occasionally, but the time of storage never 

exceeded 3-4 days. Empirically, a normal human weighing 60 kg could normally consume 

about 25 g of gel in a regular manner on a daily basis. Direct consumption of a plant product 

also indicates that all the constituents of the plant enter the body system in its natural 

proportion. Considering all these facts we simply prepared Aloe gel homogenate in distilled 

water or methanol where all the constituents can be mixed in the solvent naturally as they 

remained in the Aloe gel.  

For the assessment of toxicological properties, in the acute and sub-chronic toxicity 

tests, the Aloe vera gel homogenate doses were considered following the OECD guidelines 

(OECD guideline 425, adopted December, 2001) or other standardized protocols. For the 

acute toxicity assessment, following the OECD guideline, a highest dose of 5g/ kg body 

weight (b.w.) of Aloe vera gel was orally introduced in the experimental animals following 

the guideline. For sub-chronic toxicological property assessment, the doses were 1 g/kg b.w., 

2 g/kg b.w. and 4 g/kg b.w.  

In the in vivo anti-inflammatory as well as in the anti-arthritic potential assessment, 

the doses used for feeding Wistar albino rat was considered to be 25 g  of Aloe vera gel/60 kg 

b.w. (designated as Low Dose group or LD) and 50 g of Aloe vera gel/60 kg b.w. (designated 

as High Dose group or HD). In all the experiments mentioned in this work, if any 

experiment-specific doses were used, the specific doses were explained in that respective 

section. The LD corresponds to 0.40 g of Aloe vera gel homogenate / kg b.w. and HD 

correspond to 0.80 g of Aloe vera gel homogenate / kg body weight. For example, a rat 
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weighing 150 g will consume 60 mg and 120 mg of Aloe vera gel corresponding to LD and 

HD. 

3.2.2.2. DETERMINATION OF TOXICOLOGICAL PARAMETERS OF PLANT 

EXTRACT 

3.2.2.2.1 Acute toxicity test  

Acute toxicological experiments were performed according to the well established 

OECD guideline 425 (Adopted on 17th December 2001; acute oral toxicity study in rodents). 

In the acute toxicological experiment, Wistar albino rats of both the sexes were clustered into 

three groups; each contained 6 rats (3 males and 3 females). The first group or Positive 

Control (PC) contained normal animals, which were not fed with Aloe vera gel homogenate; 

the other two were the experimental groups, TA1 and TA2 (Toxicity Acute dose 1 and 

Toxicity acute dose 2) consisted of animals those were fed with 2 and 5 g of Aloe crude 

gel/kg b.w. respectively, homogenized in distilled water. The animals were kept under fasting 

overnight prior to feeding on the next day with a single dose of the gel homogenate. The 

observed characters included mortality rate, secretion of saliva, body fur irritation, change in 

sleep/ dizziness, lethargy and diarrhea. Animals were observed for the next 24 h. This day-

long observation was further extended up to seven-day long monitoring for cataloguing any 

sort of toxicological effects.  

3.2.2.2.2. Sub-chronic toxicity test 

For the determination of sub-chronic toxicity, four groups of the animals were 

considered. Each group contained 6 rats each (3 males and 3 females). The first group was 

Positive control (PC); the second, third and fourth groups were T1, T2, and T3 (Toxicity 

doses 1, 2 and 3) respectively, were the treatment groups. The animals of T1, T2 and T3 were 

assigned for a 28 day-long daily feeding schedule of Aloe vera gel homogenate at the 

concentrations of 1, 2, and 4 g/kg b. w., respectively once a day. After completion of the 28 

day-long experimental schedule, the animals were sacrificed under anaesthesia following 

CPCSEA, India guideline. Blood from each animal was collected separately by heart 
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puncture. The clear serum was collected by allowing the blood samples to clot at room 

temperature for a time period of 45 minutes following a low speed (400 g) centrifugation. 

Hemoglobin was measured immediately after blood collection. All the experiments 

were performed according to the standard guidelines with minor modifications (Ping et al, 

2013; Sharif et al, 2015). For the tissue histology, kidney and liver tissues were collected 

from the animal, were fixed in 4% formalin and were subjected to histological slide 

preparation through microtomy. Sections were prepared at a thickness of 5 µm. The slides 

were then stained in hematoxylin-eosin and were observed under a microscope and organ 

sections were compared between different dose groups and PC. The microscopic 

observations were done at 10X and 40X magnification under light microscope (Nikon 

Eclipse E200, Tokyo, Japan) and photographs were taken by the photographic system of the 

instrument under the same magnifications. 

The serum biochemical parameters of all rat groups were assessed in detail. Serum 

enzymatic parameters, including alkaline phosphatase (ALP), aspartate transaminase 

(SGOT), alanine transaminase (SGPT),  triglycerides, serum high density lipoprotein (HDL-

D), low density lipoprotein (LDL-D),  cholesterol and creatinine were measured using the 

appropriate assay kits, following the manufacturers’ instructions provided with the Coral 

Biosystem’s (Goa, India) product-specific user manual. All spectrophotometric assays were 

performed using in a UV-VIS or VIS spectrophotometer (RayLeigh, China; Systronics 105, 

India). 

ALP activity was measured following modified Kind and King’s method (Kind & 

King, 1954) using ALP kit from Coral Clinical systems, India. The kit comprised of L1 

(Buffer reagent), L2 (Substrate reagent), L3 (colour reagent) and S (Phenol standard; 10 

mg/dl). The experiment comprised of Blank, Standard, Control and Treatment groups. 

Initially, 1.05 ml distilled water, 1.0 ml of L1 reagent, 0.10 ml of L2 reagent was added 

together and incubated for 3 minutes at 37°C. Blank group received neither serum sample nor 

S, allowed to stand for 15 minutes at 37°C and then L3 was added. Standard group received 

0.05 ml of S (phenol standard) and was allowed to stand for 15 minutes and L3 was added. 

Control group was allowed to stand for 15 minutes at 37°C and then 1 ml L3 and 0.05 ml of 
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sample was added. In the test group, 0.05 ml of serum sample from each animals of all the 

groups were added to the initial mixture and then was allowed to stand for 15 minutes at 

37°C. Following incubation, 1.0 ml of L3 was added. The activity of the ALP is measured in 

K.A. units following the mentioned formula: 

                           
                                          

                                             
    

SGOT testing kit (modified IFCC method; Coral clinical systems, India) comprises of 

L1 (enzyme reagent) and L2 (starter reagent) reagents. 0.8 ml of L1 reagent was mixed with 

0.2 ml of serum sample at room temperature, incubated for 1 minute and then 0.2 ml L2 

reagent was added. The components were mixed well and absorbances were measured 

initially, after 1, 2 and 3 minutes. The mean absorbance was calculated as ΔA/ min (ΔA= 

change in absorbance). The SGOT activity was measured as U/L using the formula ΔA/ min 

× 952. 

Serum SGPT was measured using kit from Coral clinical systems, India (modified 

IFCC method) following the manufacturer’s protocol which was similar to serum SGOT 

testing kit. 

Serum triglyceride was measured following manufacturer’s protocol using GPO/PAP 

method (Coral clinical systems, India). The kit comprised of enzyme reagents L1 and L2 and 

triglyceride standard (200 mg/dl). 4 parts of L1 was added with 1 part of L2 which constitute 

the working reagent. The experiment comprised of Blank, Test and Standard groups. In the 

Blank group, 1.0 ml of working reagent was mixed with 0.1 ml of distilled water; in the 

Standard group, 1.0 ml of working reagent was added with 0.01 ml of S (triglyceride 

standard); in the Test group, 0.5 ml of serum collected from each of the rats of all the groups 

were added separately with 1.0 ml of working reagent. All the mixtures were incubated for 5 

minutes at room temperature. Triglyceride concentration in the serum was measured in mg/dl 

considering the Blank as zero.  
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Serum HDL-D of different rat groups was measured using HDL-D Cholesterol kit 

following direct enzymatic method  (Coral clinical systems, India). The kit consisted of 

Reagent 1 (L1), Reagent 2 (L2) and calibrator (C).Experiment consisted of one Blank group, 

one Control group and Test groups containing serum samples from the experiment groups. 

All the groups contained 375 µl of L1 reagent. Control received 5 µl calibrator and Test 

groups received 5 µl of serum from all the animals separately. The mixtures were incubated 

for 5 minutes at 37°C and absorbance (A1) of Test samples and Control group was estimated 

against Blank. 125 µl of L2 was then added and the samples were again kept for incubation 

at 37°C for 5 minutes. Absorbance was again taken for all the samples (A2). The change in 

the absorbance for test samples is ΔAT and for the calibrator samples are ΔAC. The 

estimation of HDL-D was done as follows: 

               
Δ  

Δ  
                                 

Where, 

ΔAT = A2 of test sample – A1 of test sample, 

ΔAC = A2 of control sample – A1 of control sample 

 

Measurement of serum LDL-D was similar to that of the HDL-D cholesterol 

following direct enzymatic method. 

The amount of cholesterol in the serum was measured following CHOD/PAP method. 

The kit was procured from Coral clinical systems, India. The kit contained 3 reagents namely 

enzyme reagent 1 (L1), enzyme reagent 2 (L2) and cholesterol standard (200mg/dl). 4 units 

of L1 were mixed with 1 unit of L2 prior to use and working reagent was prepared. For the 

experiment, one Blank group, one Standard group and one experimental group was prepared. 

Experimental group contained serum from each of the animals from all the groups. All the 

reaction mixtures contained 1ml of working reagent. Blank received 0.010 ml of distilled 

water, Standard group received 0.010 ml of standard cholesterol and experimental groups 

received 0.010 ml of serum. The mixture was incubated for 15 minutes at room temperature. 
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The amount of cholesterol in the serum was measured from the absorbance of the Test 

samples and Standard against the Blank using the following formula 

                     
                   

                      
     

Serum creatinine was measured following alkaline picrate method (Coral clinical 

systems, India) (Lustgarten and Wenk, 1972). The kit contained picric acid reagent (L1), 

buffer reagent (L2), creatinine standard (2 mg/dl).The experiment consisted of a Blank 

group, a Standard group and experimental groups. Prior to the experiment, for the 

experimental groups, 2.0 ml of L1 was mixed with 0.2 ml of serum sample obtained from 

animals of different group and was mixed well; centrifuged at 2500-3000 rpm for 10 minutes 

to obtain a clear supernatant. 1.1 ml of this supernatant was mixed with 0.1 ml of L2 and kept 

at room temperature for exactly 20 minutes. Similarly, for the Standard group, L1 was mixed 

with creatinine standard, centrifuged and supernatant was collected, mixed with L2 and kept 

for 20 minutes at room temperature. For blank group, L1 was directly added with L2 and 20 

minute incubation was done. All the mixtures were measured at 520 nm in spectrophotometer 

(Beijing Rayleigh, China) against Blank. The serum creatinine concentration was measured 

in g/l using the following formula 

                  
                   

                      
   

3.2.2.2.3. MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide]  Assay 

The cytotoxic effect of the Aloe vera gel homogenate was assessed through MTT (3-

(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. The assay was 

performed on peritoneal macrophages and splenocytes isolated from Wistar albino rat. One 

healthy  adult rat was sacrificed under proper anaesthesia, following CPCSEA, India 

guideline and the spleen was collected. Peritoneal macrophages were collected from the 

peritoneal exudates by flushing the peritoneum with chilled RPMI-1640 media. The 

splenocytes and macrophage cells suspended separately in phosphate buffer saline (PBS) 

were counted under a light microscope and the volumes were adjusted to obtain a 

concentration of 2 X 10
6

cells/ml which were considered as the stock cell suspensions. The 
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two different cell suspensions, namely, of the splenocytes and macrophages, were subjected 

to two different experimental setups. 

For each type of cell suspension, two experimental groups (M1 and M2) and a 

positive control group (PC) were considered. The experiment was done in accordance to the 

manufacturer’s protocol provided with EZcount
TM

 MTT assay kit (HiMedia Laboratories, 

India). Two different sterile 96 well plates for considered for two different cell suspensions; 

one plate for experimentation of MTT assay of splenocyte cell suspensions and another plate 

for the experimentation of MTT assay for macrophage suspensions. The two experimental 

groups (M1, M2) and the positive control group (PC) were arranged in three columns, each 

column having 6 replicates of the concerned group. Hundred microlitre (100 μl) of the stock 

cell suspension was added each of the wells of M1, M2 and PC. Twelve microlitre (12 μl) of 

the nutrient supplement containing 50 U/ml penicillin, 50 U/ml streptomycin, 50U/ml 

nystatin and 10% FBS were added to the wells. For the experimental groups, 50 μl of Aloe 

vera gel homogenate containing 60 mg of Aloe gel was added to all 6 replicates of M1 and 

50 μl of Aloe vera gel homogenate containing 120 mg of Aloe gel was added to all 6 

replicates of M2. Fifty microlitre (50 μl) of distilled water was added to the wells designated 

with PC. Ten microlitre (10 μl) of MTT was then added to all the wells of all the three 

groups, and then were incubated for 4 h in 25°C inside an incubator. The experimental set up 

has been described in the following table (Table 3.1). Absorbance was measured at 570 nm 

(Shang et al, 2007; Dey et al, 2013) using BioRad I Mark microplate reader, BioRad, USA. 
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Table 3.1. The requirements of the three experimental groups, each having six 

replicates arranged column-wise on a 96-well plate. Separate plates were used for 

macrophage and splenocyte suspensions. 

M1 [6 wells in a row] M2 [6 wells in a row] PC [6 wells in a row] 

100 μl of the stock cell 

suspension (Marcophage or 

splenocyte) 

+ 

12 μl of the nutrient 

supplement 

+ 

10% FBS 

+ 

50 μl plant homogenate 

containing 60 mg Aloe gel 

+ 

10 μl MTT 

100 μl of the stock cell 

suspension (Marcophage or 

splenocyte) 

+ 

12 μl of the nutrient 

supplement 

+ 

10% FBS 

+ 

50 μl plant homogenate 

containing 120 mg Aloe 

gel 

+10 μl MTT 

100 μl of the stock cell 

suspension (Marcophage or 

splenocyte) 

+ 

12 μl of the nutrient 

supplement 

+ 

10% FBS 

+ 

50 μl distilled water 

+ 

10 μl MTT 

3.2.2.2.4. Molecular Docking tests for toxicity determination 

To find the elaborated details of the interactions of the gel constituents with the host 

body protein, molecular docking analyses of some selected Aloe vera gel constituents was 

done with some selected toxicologic and analgesic marker proteins of the experimental 

animal body. The Aloe vera gel constituents were well explored through GC-MS analysis in 

previous works undertaken by different authors. Depending on the variations that may occur 

during sample preparation and variations of the phyto-constituents vis-a-vis seasonal and 

geographical changes, 10 major potent bioactive molecules were selected for in silico study. 

These were acetophenone, aloe-emodin, azelaic acid, β-sitosterol, cholestanol, hydro-p-

coumaric, hypoxanthine, oleic acid, salicylic and squalene (Saljooghianpour and Javaran, 

2013). 

All protein structures were retrieved from a protein data bank 

(http://www.rcsb.org/pdb/home). The selected proteins were aspartate transaminase, 

glutamate dehydrogenase, alanine transaminase, alkaline phosphatase and a model docking 

protein hepatitis Bx was also considered. Docking was performed using Auto Dock Vina, 

USA (Trott and Olson, 2010). To dock the proteins with the gel constituents, the X, Y and Z 
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dimensions were chosen to be 100 for aspartate transaminase, glutamate dehydrogenase, 

hepatitis B viral protein (Hepatitis Bx); and 80 for alanine transaminase, alkaline 

phosphatase. Center Grid Box had been chosen to fit the protein. The exhaustiveness was 

preset to 8. Each concerned protein was made ready by water molecule removal and by 

adding polar water. Gasteiger charges were added to all the proteins depending on 

electronegativity equilibration. The non-polar hydrogens were merged. Gasteiger charges 

were calculated for the respective ligands as well. All the torsions were set free to rotate. The 

image was generated by the Auto Dock Vina and binding energy interpretation was done by 

the same software. 

3.2.2.2.5. Solubility analysis for toxicity and bio-availability 

The basic solubility analyses of the Aloe gel constituents were determined in silico. 

The aforementioned ten compounds, discussed in section 3.2.2.2.4, were assessed for their 

different solubility properties. Log P and Log S values for the compounds were estimated 

using ALOGPS 2.1 (Tetko and Tanchuk, 2002] which is maintained by the Virtual 

Computational Chemistry Laboratory at http://www.vcclab.org/lab/alogps/. Log P is the 

logarithm of the partial coefficient which is defined as the ratio of the concentration of a 

solute between two solvents specifically for unionized solutes. Log S value is a unit stripped 

logarithm (base 10) of the solubility measured in mol/L. Online assistance from 

Chemcalize.org beta (http://www.chemicalize.org/) maintained by ChemAxon, Hungary was 

accessed to compute the log D values of the gel components at physiological blood plasma of 

pH 7.4. Log D is the distribution coefficient, is the ratio of the sum of the concentrations of 

all forms of the compound (both ionized and un-ionized) in each of the two immiscible 

phases. 

3.2.3. ASSESSMENT OF ANTI-INFLAMMATORY POTENTIAL 

3.2.3.1. In vitro Anti-inflammatory Tests 

In vitro membrane stabilizing activity and protein denaturation-inhibition tests are 

well established assays to measure the role of a subject drug against inflammatory response 

of the cell membrane.  
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Collection of blood and preparation of erythrocyte suspension for in vitro membrane-

stabilizing experiments:  

Three millilitre (3 ml) of fresh blood was collected in an EDTA vial from a healthy 

human volunteer who did not take any NSAID at least 15 days prior to the experiments. To 

prepare the erythrocyte suspension, the anti-coagulant mixed blood was centrifuged at 3000 

rpm for 10 minutes. The supernatant was measured with the help of a 1ml micropipette and 

was discarded; the pellet was retained. Normal saline (0.9%) equivalent to that of the 

discarded supernatant was added to the tube and the RBC pellet was dissolved into it by 

shaking carefully. Vigorous shaking was avoided to reduce the RBC lysis. The obtained 

solution was washed for 3 times in the similar manner. After the washing process, the 

amount (in ml) of normal saline containing RBC in solution was measured and mixed with 

isotonic buffer solution (pH 7.4) in a ratio of 40: 60. The reconstituted RBC suspension was 

the stock erythrocyte suspension (hRBC) suspension. This was stored at 4°C prior to the 

experiments. (Anosike et al., 2012) 

The membrane stabilizing activities of Aloe vera gel homogenate was assessed by the 

method of Shinde et al. (1999) with some minor modifications. 

3.2.3.1.1 Hypotonic solution-induced (hypotonicity-induced) hemolysis test for 

membrane stability assessment  

This experiment requires two different sets of solutions, one containing distilled water 

as a hypotonic solution and the other contains isotonic buffer. The protection of RBC 

membranes breakage in hypotonic situation is calculated compared to that in the isotonic 

solution, both in presence of Aloe vera gel homogenate. In one set of test tubes, Aloe vera gel 

was homogenized in 5 ml of distilled water (used as hypotonic solution) to attain a series of 

final concentrations of 600, 800 and 1000 µg of gel/ml. In another set of tubes, Aloe vera gel 

was homogenized in 5 ml of isotonic buffer (pH 7.4) solution to achieve similar graded final 

doses (600, 800, 1000 µg/ml). In standard group, Indomethacin (200 µg/ml) was used as a 

standard drug. Indomethacin of mentioned concentration was added to 5 ml isotonic buffer as 

well as to hypotonic distilled water in separate tubes. Control tubes contained only 5 ml of 

hypotonic solution (distilled water) and no plant product or standard drug was added. 100 µl 
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of stock erythrocyte suspension was then added to all the tubes including control and 

standard drug groups and mixed properly. After gentle mixing, the mixtures were incubated 

for 1 h at 37°C. After incubation, the mixture was centrifuged at 1300 g for 3 minutes in 

room temperature. The absorbance values (OD) of the supernatants were measured at 540 

nm. The experiments were carried out in triplicates for all the groups. The percentage of 

inhibition of hemolysis was calculated considering the hemolysis occurring in the hypotonic 

solution or distilled water of the control tubes to be 100%. Thus the percentage of inhibition 

(PI) of hemolysis was calculated using the following equation – 

       
       

       
       

Where,  

OD1 = Absorbance of test sample in isotonic solution  

OD2 = Absorbance of test sample in hypotonic solution (distilled water) 

OD3 = Absorbance of control sample in hypotonic solution (distilled water) 

 

3.2.3.1.2. Heat-induced  hemolysis test for membrane stability assessment 

For this test, one untreated control group, three experimental plant extract-treated 

groups and one standard drug group were considered. The experiments were carried out in 

triplicate pairs for each group. Firstly, control group contained only 5 ml of distilled water 

(vehicle). In the experimental groups, plant extracts were dissolved in isotonic phosphate 

buffer solution (pH 7.4) at a final concentration of 600, 800, 1000 µg/ml. The standard drug 

group contained indomethacin in 5 ml of isotonic buffer solution at a final concentration of 

200 µg/ml. Then, 100 µl of stock erythrocyte suspension was added to each tube and mixed 

properly. The tubes were then incubated at 54
°
C for 20 minutes in a regulated water bath. 

After incubation, the mixture was centrifuged at 1300g for 3 min in room temperature and 

the supernatant was collected separately. Absorbance values (OD) of supernatant was 

measured at 540 nm. The percent inhibition (PI) of hemolysis was calculated using the 

following equation (Tatiya and Saluja, 2011): 
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Where, 

OD1 = Absorbance of heated test sample (isotonic buffer) 

OD2 = Absorbance of heated control sample (distilled water) 

3.2.3..1.3. Protein denaturation-inhibition test for membrane stability assessment 

The protein denaturation-inhibition test was done by the established protocol of 

Mizushima and Kobayashi, (1968) with some minor modifications to investigate the protein 

denaturation-inhibiton activity. Hen’s egg albumin freshly collected was used as protein 

source. The 5 ml reaction mixture comprised of 0.2 ml of egg albumin, 2.8 ml of PBS (pH 

6.4). The rest of the amount (2ml) consisted Aloe vera gel homogenate (in experimental 

groups), distilled water (in the control group) or standard drug (standard drug group). 2 ml of 

various concentrations of Aloe vera gel homogenates was added to experimental groups 

which finally gave rise to 600, 800, 1000 µg/ml dose groups. 2 ml of distilled water was 

added to the control group instead of plant homogenate. Diclofenac sodium was used as 

standard drug. In the standard drug group, 2 ml of the drug was added in the mixture to 

achieve a final concentration of 100 µg/ml was added. The reaction mixture was then 

incubated at 37°C for 15 minutes in an incubator and then the mixture was heated at 70°C for 

15 minutes in a regulated water bath. The resulting solution was cooled down to room 

temperature and the turbidity of the solution was measured spectrophotometrically at 660 

nm. The percentage of inhibition (PI) of protein denaturation was calculated using the 

following equation (Gupta et al., 2015): 

    
         

   
     

where, OD1 = Absorbance of heated test sample; 

OD2 = Absorbance of heated control sample 
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3.2.3.2. In vivo anti-inflammatory tests 

3.2.3.2.1. Cotton Pellet-induced Granuloma test 

Cotton pellet-induced granuloma formation was standardized in the laboratory with Wistar 

albino rat, which is a well established acute inflammatory model. This method was adopted 

from Penn and Ashfold (1963). Sterilized cotton pellets weighing 25 ± 1 mg were implanted 

subcutaneously in the rats  under mild ether anesthesia (Balasubramanian et al., 2005). 

Cotton pellets were implanted dorsally on one side of the vertebral column of each rat 

through a subcutaneous narrow tunnel of approximately 1cm long, which was made using a 

blunt forceps following a small skin incision using a sterile scissor. The opening of the skin 

was stitched and antiseptic medication was applied thereafter. 

Four groups of animals, each comprising of 5 rats, were selected for the experiment. 

The positive control group (PC) was kept without any treatment of cotton pellet insertion. All 

the three other groups received subcutaneous cotton pellet implants. A standard group (STN) 

was considered for the experiment in which animals were fed with indomethacin, an anti-

inflammatory drug, at a concentration of 4 mg/kg body weight. Third and fourth groups were 

experimental groups namely, Low Dose (LD) and High Dose (HD), treated with selected 

doses of Aloe vera crude gel homogenates as described earlier (section 3.2.2.1; paragraph 4). 

The experimental animals were sacrificed on the 8th day and the granuloma was operated out 

from the body (Mishra et al, 2011). All the granulomas were kept in the hot air over at 60°C 

for about 24 h till those were completely dried. The dry weight of each granuloma was 

measured using a sensitive weighing balance. 

3.2.3.2.2. Carrageenan-induced paw swelling test 

In the carrageenan-induced acute-inflammatory experiment, 1% carrageenan 

(Himedia, India) solution was injected in the inter-plantar region of the left hind paw (Winter 

et al, 1962). A total of 5 groups were considered for the experiment, each containing 5 male 

rats. Positive control or PC contained all the normal rats who did not receive carrageenan, 

whereas all the other groups received carrageenan injection in the interplantar region of the 

left hind paw. The two treatment groups were designated as Low Dose (LD) and High Dose 
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(HD), where pre-selected Aloe vera gel crude homogenate doses were injected as described 

earlier (section 3.2.2.1; paragraph 4) in the rat peritoneum, 30 minutes prior to the 

carrageenan injection in the paw. One standard drug group (STN) was considered as the 

fourth experimental group, where animals received indomethacin injection as per the 

standardized protocol (Gupta et al., 2006) in the peritoneum at a dose of 10 mg/kg b. w. 30 

minutes prior to carrageenan injection in the hind paw (Gupta et al., 2006). A Negative 

control group (NC) was also considered for the experiment where the 1% carrageenan 

injection was done in the paw but no treatment was provided to the animals. (Winter et al., 

1962; Srinivasan et al, 2001). The paw circumference (see section 3.2.4.1.1) was measured in 

all the groups before the carrageenan injection; at an interval of 1 h starting after 30 minutes 

of the injection up to 3 h 30 mins. In brief, the paw circumference measurements were taken 

at 0h, 0.5h, 1.5h, 2.5h, and 3.5h. The Percentage of Inhibition (PI) was calculated among the 

final data values of experimental groups and NC using the following equation:  

    
                                         

             
     

where V
t 

= final reading of paw circumference, V
0 

= Initial reading of paw 

circumference (Foyet et al, 2011). 

3.2.3.3. Statistical analysis  

All statistical analyses for in vitro anti-inflammatory tests were done using GraphPad 

prism ver 6.01. All the data were represented as mean ± S.E.M. (Standard Error Mean) and 

were analyzed with one-way ANOVA followed by Dunnett’s multiple comparisons test. The 

results were considered statistically significant at P<0.05 compared to the control group 

(distilled water). The *** denotes significance value at P<0.001. 

3.2.4. ASSESSMENT OF ANTI-ARTHRITIC POTENTIAL 

3.2.4.1. FCA induced arthritic rat model 

Wister albino male rats (150 ± 15 g) were considered as the experimental animals for 

the experiments. Adjuvant induced Arthritis (AIA) model using Freund’s Complete Adjuvant 
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(FCA) was used in the chronic inflammatory model development. The method has been 

described by Bendele et al., (1999). Briefly here, all the animals were injected an amount of 

0.1ml of FCA in the left hind paw at the subcutaneous region. The animals were 

administered the same dose of 0.1ml FCA again on the same region to boost up the immune 

response on the 14th day. 

Animals were divided into 4 groups, each containing 10 rats. The first two groups 

were considered as the control groups. Among them, one group was considered as untreated 

positive control (PC) which received neither FCA injection nor Aloe vera gel oral treatment. 

The other group was considered as arthritic control or FCA control (abbreviated as FCA for 

FCA-control Animals) in which only FCA injection was given but no treatment was 

administered. The third and the fourth groups were experimental groups (LD and HD). These 

groups were treated with pre-selected Aloe vera gel doses as described earlier (section 

3.2.2.1; paragraph 4) following FCA injection. Five rats from all the groups were sacrificed 

on the 21st day of experiment, while the rest were sacrificed on the 28th day. From the 

sacrificed animals, blood was collected separately in EDTA-vials for blood cell count and 

haemoglobin estimation; blood was collected in 2 ml centrifuge tubes to isolate serum 

through clotting for the assessment of serum biochemical parameters. The left hind paws of 

all the animals of 4 groups were dissected out after the sacrifice and were subjected to 

subsequent radiological and histological analyses. 

3.2.4.1.1. Biometric studies 

Measurement of paw circumference: 

Measurement of paw circumference was done with the help of a vernier caliper and 

circumference was measured using the formula: 2π [√(A
2
+B

2
)] /2, where A and B are 

measures of diameter at two different planes of paw (Fig. 3.1) taken with the help of Vernier 

Caliper. (Rathore et al, 2007; Paquet et al, 2012). 
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Figure 3.1. Simplified diagram of side-view and palm-side view of rat hind paw (A and B) showing 

the two planes considered for the measurement of paw circumference (in mm). A and B were 

measured by using vernier caliper. 

Radiological imaging of paw joint: 

The separated hind paws from each animal group were considered immediately for 

radiological study. The separated legs were exposed to X-ray for 3 sec with 50kV tube 

potential and 50mA tube intensity (Allengers-325; India). The machine processed images 

were visually assessed to identify bone joint deformities. 

Histological studies: 

Separated paw joint samples were cleaned; skin was removed surgically and the bone 

joint was preserved in 4% formaldehyde. As the joint contained different tissues including 

bones, cartilages, muscles and other internal soft tissues, decalcification of the hard tissues 

were done. Decalcification was done by keeping the samples in 3% HCl for 4 days. It was 

Side view of rat hind paw 

Palm-side view of rat hind paw 

 

A 

B 
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followed by paraffin block preparation following standard protocols. Histological sections 

were made along the longitudinal plane of the joint axis as shown in the following figure 

(Fig. 3.2) and were stained in hematoxylin-eosin stain following standard protocols. 

 

Figure 3.2. The diagrammatic presentation of longitudinal section of hind paw joint of a rat showing 

the plane of the joint axis selected for histological section preparation (indicated using blue arrow).  

3.2.4.1.2. Hematological studies: 

Hematological parameters included RBC total count, WBC total count done manually 

under a microscope using a hemocytometer. Haemoglobin estimation was done using Sahli’s 

hemoglobinometer. The RBC and WBC count was done using the Neubauer haemocytometer 

(Fig.3.3). The haemocytometer contains 9 chambers each of 1× 1 mm (1 mm
2
) arranged in a 

3 × 3 matrix. Each chamber is divided into 4 × 4 smaller chambers each having an area of 

0.25 × 0.25 mm (0.0625 mm
2
). These chambers are used to count the WBCs. At least 4-6 

chambers are to be counted from all the four corners of the slide and multiplied accordingly 

(Fig. 3.3). The central smaller chambers are again subdivided into 5 × 5 smallest chambers 

(0.05 × 0.05 mm (0.0025 mm
2
). The smallest chambers are used to count the RBCs. 

Randomly; at least 4-6 smallest chambers are to be observed to count the number of RBCs 

and are multiplied accordingly. The counting chambers are grooved in the haemocytometer 

in such a manner that when the cover slip is placed over the slide, it provides a 0.1 mm free 
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space between the cover slip and the slide. Hence, there is a 0.1mm
3
 volume in each of the 9 

large chambers. In the blood collecting pipettes (RBC pipette for RBCs and WBC pipette for 

WBCs), the blood enters the pipette by sucking the blood in using mouth. On the pipette, the 

blood is then diluted by sucking diluting fluids up to the marked levels of the pipettes. The 

diluting fluids are formol-citrate for RBCs (20 times dilution) and 3% acetic acid for WBCs 

(20 times dilution). The blood is then mixed properly inside the pipette chambers. Following 

mixing, pipette is placed at the corner of the cover slip positioned over the slide 

(haemoglobinometer) at an angle of 45°. The spreading of blood in the space between 

coverslip and slide takes place due to capillary action. Separate slides for counting RBCs and 

WBCs were used. Once the blood is distributed on the slide, the counting can be done under 

binocular light microscope at 100X magnification. The calculation for the RBCs and WBCs 

were done using the following formula:  

Number of RBCs in 1 mm
3 

blood = XRBC (Number of RBCs in the total smallest squares) × 

50 (multiplication factor to obtain RBC number in 1mm
3 

blood) × 200 (dilution factor). 

Number of WBCs in 1mm
3 

blood = XWBC (Number of WBCs in the total small squares) × 

10 (multiplication factor to obtain WBC number in 1mm
3 

blood) × 20(dilution factor). 

 

Figure 3.3. Representative illustration showing counting chambers of haemocytometer showing the 

RBC counting chambers (smallest squares marked in green highlighted with blue circle) and WBC 

counting chambers (large squares in the corners marked in red). Counting was done by randomly 

selecting chambers to minimize sampling errors.    
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3.2.4.1.3. Serum Biochemical studies: 

Total protein was estimated by Coral Total Protein Kit (Coral Clinical Systems, Goa, 

India) (Biuret method) according to the manufacturer’s protocol. The kit contained biuret 

reagent and protein standard (8g/dl). Twenty microlitre (20 µl) of serum from each 

experimental animal were mixed with 1ml of reagent, incubated for 30 minutes. The OD of 

the experimental groups was measured against that of the standard group which contained 20 

µl of standard protein mixed in 1 ml biuret reagent, prepared and incubated in a similar 

process.    

Total albumin estimation was done using the Coral Total Albumin Kit (Coral Clinical 

Systems, Goa, India) (BCG method). The kit contained bromocresol green (BCG) reagent 

and albumin standards (4g/dl). Ten microlitre (10 µl) of serum from each experimental 

animal were mixed with 1ml of BCG reagent and was kept for 5 minute incubation. The OD 

of the experimental groups was measured against that of the standard group which contained 

10 µl of standard albumin mixed in 1 ml BCG reagent and incubated for 5 minutes.  

Serum ceruloplasmin estimation was done using p-phenylenediamine oxidase activity 

spectro-photometrically (Sunderman and Namato, 1970). For the estimation of 

ceruloplasmin, 0.2 mol/l sodium acetate solution, 0.2 mol/l acetic acid solution, sodium azide 

solution (1.5 mol/l) and buffered p-phenylenediamine (PPD) solution (27.6 mmol/l) were 

prepared. Sodium acetate solution and acetic acid solution were mixed to produce acetate 

buffer solution in a ratio of 43 ml: 7 ml and 40 ml of distilled water was added into the 

mixture. The mixture was incubated at 37℃ water bath; pH 5.45 was adjusted at 37℃ by 

adding sodium acetate or acetic acid solutions. For the experiment, two tubes for each 

experimental animal were considered; one designated as Reaction (R) tube and the other 

designated as Blank (B) tube. In both the tubes, 2 ml of acetate buffer solution and 100 µl of 

serum were added. The mixtures were placed in 37℃ water bath and 1 ml of PPD solution 

(pre-warmed in 37℃) was added to both and kept in 37℃ water bath for 5 minutes while 

avoiding exposure to lights. After the process, 50 µl of sodium azide solution was added in 

the tube B. Both B and T tubes were then incubated in the water bath for 30 minutes. 

Following the 30 minute water bath incubation, 50 µl of sodium azide solution was added to 



Chapter 3: Materials and Methods 

~ 78 ~ 
 

the tube R. The samples were taken out from the water bath and the absorbance was 

measured in 530 nm using spectrophotometer (Beijing Rayleigh, China). The calculation for 

the concentration determination of ceruloplasmin (g/dl) remains AR - AB× 0.752 (where AR = 

Absorbance value of sample R and AB = Absorbance value of sample B)   

The levels of serum creatinine were measured spectrophotometrically by studying 

reactions between creatinine and alkaline picrate using kit procured from Coral clinical 

systems, India. The protocol has been mentioned in the section 3.2.2.2.2.  

3.2.4.2. Statistical analysis 

All statistical analyses were done using the Kyplot version 2.0 Beta and GraphPad 

prism 7.0. In statistical analysis, the data represented mean ± SEM which was analyzed by 

one way ANOVA. The results were considered significant when p≤0.05. 

3.2.5. REAL-TIME QUANTIFICATION OF CYTOKINES AND BIOMARKERS 

RELATED TO ARTHRITIS 

3.2.5.1. Real time-Quantitative PCR method for the relative expression study of some 

selected cytokines and biomarkers 

The experimental design for the assessment of the expression change of cytokines and 

other biomarkers were similar to that of the in vivo anti-arthritic potential assessment of Aloe 

vera gel homogenate (section 4.1) except that the animal numbers per group was 6 per group. 

On the 28
th

 day, all the animals were sacrificed and blood was collected separately. Total 

RNA was isolated using Trizol (Invitrogen, USA) following the manufacturer’s protocol. 

Initially, 0.750 µl of TRIzol
TM 

LS reagent was added per 0.250 µl of sample blood in 

a microfuge tube. The mixture was incubated in the room temperature for 5 minutes. 200 µl 

of chloroform was added to the tube and was mixed by shaking; again incubation was done 

in room temperature for 15 minutes. Following the incubation, the aqueous phase was 

collected in a 1.5 ml tube and500 µl 100% chilled isopropanol was added to the tube. The 

mixture was incubated at room temperature for 10 minutes. Following incubation, 

centrifugation was done at 13000 rpm for 10 minutes at 4°C; supernatant was removed and 1 
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ml of 75% ethanol was added to the pellet. Again, a centrifugation was done at 14000 rpm 

for 5 minutes at 4°C and supernatant was removed. Pellet was semi air dried for 15 

minutes.20 µl of nuclease free water was added to the tube. The tube contained total RNA 

extracted from 250 µl of blood.  

The total RNA from the animals of each group was pooled together and cDNA was 

prepared using reverse transcriptase enzyme (Thermo Fischer, USA), random hexamers, 

oligo dT and dNTP (GCC biotech, India) with some modifications following the 

manufacturer’s protocol described in reverse transcriptase enzyme associated user manual. 

From the pooled RNA of each groups, in a PCR tube, 10 µl of RNA mixture were added with 

1 µl of dNTP mix (10 mM stock), 1 µl of random hexamer (50 µM stock), 1 µl of oligo dT 

(50 µM stock), 0.50 µl RNase inhibitor (20U/µl) and 3.2 µl RNase free water. The mixtures 

were incubated for 10 minutes at 90℃; followed by cold incubation at 4℃ for 5 minutes. 

Then, to all the tubes, 2 µl RT buffer (5X stock, 0.5X working concentration), 2 µl DTT 

(Dithiothreitol) were added and incubated for 15 minutes at 25℃. The samples were then 

placed in a ice box at 4℃ for 5 minutes. 0.3 µl of RT enzyme was then added to each tube. 

The components within the tubes were mixed properly and were kept to incubate at 42℃ for 

60 minutes followed by 72℃ for 10 minutes. Following the incubation, the tubes were kept 

in 4℃ till further use for RTqPCR. 

The prepared cDNA was used to quantify the expressions of TNF-α cytokine and 

Cox-2 gene in a fold-change manner compared to positive control (PC). The gene expression 

study was done through real time quantitative PCR (RTqPCR) in Roche LightCycler 96 

(Roche, Switzerland) machine using SybrGreen dye. The exon specific primers of TNF-α 

and Cox-2 were selected from existing research papers following primer blast and nucleotide 

blast to ensure best binding affinity. An internal control housekeeping gene primer GAPDH 

was also included the same method (Table 3.2). 
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Table 3.2. Details of the different primers used for RTqPCR obtained from existing literatures and 

verified through NCBI primer-BLAST study. 

Gene Forward 

primer (F) (5´ 

to 3´) 

Reverse primer 

(R) (5´ to 3´) 

Product 

size 

Tm (℃) 

obtained from 

NCBI primer-

BLAST  

GC% NCBI 

reference 

sequence 

TNF-α AGCCCTGGT

ATGAGCCCA

TGTA 

CCGGACTCC

GTGATGTCTA

AGT 

109 bp 62.99(F); 

61.52(R) 

54.55(F)/ 

54.55(R) 

XM_008772

775.2 

Cox-2 TGTATGCTAC

CATCTGGCTT

CGG 

GTTTGGAAC

AGTCGCTCGT

CATC 

94 bp 62.37(F); 

62.23(R) 

52.17(F)/ 

52.17(R) 

NM_017232

.2 

GAPDH ATGACTCTAC

CCACGGCAA

G 

CTGGAAGAT

GGTGATGGG

TT 

89 bp 59.46(F); 

57.19(R) 

55(F)/ 

50(R) 

XM_017593

963.1 

For the expression study, cDNA from each of the groups were amplified in duplicates 

for each of the genes. The experiment was done in MicroAmp
TM

 optimal 8-tube strips 

(Applied Biosystems, ThermoFisher Scientific, USA), microtube strips specialized for 

RTqPCR analysis. In brief, 5 µl of cDNA was used in each reaction and was mixed with 0.3 

µl of each of the forward and reverse primers (10mM) for one gene separately. In a dark 

chamber, an amount of 10 µl of SybrGreen dye (Roche, Switzerland) was mixed in all 

experimental replicates. Reaction volume was made up to 20 µl by adding nuclease free 

water. Negative control was included to ensure contamination-free experiment using 

SybrGreen, internal control gene primers and nuclease free water in place of cDNA. The Fig. 

3.4 shows the distribution of reaction groups and their replicates. 
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Figure 3.4. Plate distribution for the RTqPCR experiment produced from Roche LightCycler 96 

machine software. 4 MicroAmp strips were placed column-wise (Column 1, 2 and 11, 12 to ensure 

machine balance). Strips of 1
st
, 2

nd
 and 3

rd
 columns were provided with TNF-α primers, Cox-2 

primers and GAPDH primers respectively. Experimental group replicates were made row-wise; row 

A and B was provided with FCA group cDNA, C and D were provided with LD group cDNA, E and 

F was provided with HD group cDNA and G and H were provided with PC group cDNA. MicroAmp 

strip of column 4 was provided with 4 negative control replicates at C, D, G and H rows. Two 

negative control sets (both in duplicates) were used during the experimentation resulting in two 

different colours in the graph, one containing TNF-α primers but no template cDNA (wells 12C, 

12D)_and the other with Cox-2 primers and no cDNA (wells 12G, 12H). 
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Annealing temperature of 59°C was standardized for all the three genes and 45 

amplification cycles were implemented. 

The gene expressions in different groups were calculated in the ‘fold-change’ manner 

considering the PC or positive group animals to have 1 fold expression. This was done using 

the 2
-∆∆Ct

 method. In this method, the internal control gene served as a calibrator. The 

reaction conditions were standardized in the laboratory following Paquet et al., (2012) and 

Saleem et al., (2019) with some modifications. The fold change data was analyzed using 

GraphPad prism 7.0 where data was represented as mean± SD and analyzed through one-way 

ANOVA following Dunnet’s multiple comparison test. Significant data was considered at 

0.05 significance level. 
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4.1. DETERMINATION OF TOXICOLOGICAL PARAMETERS 

4.1.1. Acute toxicity test 

During the experimental trials, no animal died in the acute toxicity test. The animals 

were observed and monitored regularly at an interval of 2 hours on the experiment day. The 

animals were observed at least thrice in the successive seven days. All the animals were alive 

for the next 7 days and no death or change in the physiology and/or behavior was observed 

(Table 4.1). Normal gain in weight was observed in all the animal groups and no gross 

abnormal findings were documented in any of the groups.  

Table 4.1: Behavioral changes in the rats following acute toxicity test observed in a 

period of 24 hours after feeding with Aloe leaf extract.  

Groups PC TA1 TA2 

Number of Animals 6 6 6 

Number of Deaths None None None 

Abnormal motor activity - - - 

Salivation - - - 

Fur irritation - - - 

Sleep/ dizziness - - - 

Lethargy - - - 

Diarrhea - - - 
PC denotes positive control; TA1 and TA2 refer to experimental groups receiving doses at 2 

and 5 g of Aloe crude gel/kg b.w respectively of model animals. “-” denotes absence 

 In 1981, OECD incorporated acute toxicity test as well as LD50 test into its new 

guideline. It was further modified in 1987 and subsequent years. This was known as the 

‘limit test’ where upper dose limit value was set at 5g/kg b.w.; the substances are suspected 

to be non-toxic if there is no sign of toxicity of the drug like compound at the upper dose 

limit level. In this regard, the precise LD50 value determination is not necessary and further 

acute toxicity testing is not required (Erhirhie et al., 2018). Different plant extracts and 

herbal remedies have shown their non-toxic properties in the limit test. Java tea leaf extracts 

(Orthosiphon stamineus) in aqueous, aquo-ethanolic and ethanolic solvents showed no toxic 

properties upto upper dose limit (Pariyani et al., 2015). Similarly, Syzygium guineense leaves 

methanolic extract showed no toxic properties when acute toxicity tests were performed 

(Loha et al., 2019). However, experimentations on the acute toxic effect of crude 

unprocessed freshly harvested Aloe vera gel were not done in detail prior to the present work. 
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The acute toxicity test (Table 4.1) results indicated that the unprocessed, orally-fed Aloe vera 

gel in Wistar albino rats was not toxic when the rats were fed with a single large dose of 5 

g/kg b.w. (further validated by a 7-day long observation), which also briefly indicated that 

any further testing for unprocessed Aloe vera gel for acute toxicity was not necessary 

(Roopashree et al, 2009). The Aloe gel was therefore considered to be non-toxic up to the 

dose of 5 g/kg b. w. and the lethality value was considered “unclassified” up to the feeding 

range. 

4.1.2. Sub-chronic toxicity test 

We observed that out of 6 animals per group, only one animal died in the T2 group 

(i.e. the medium-dose group (2 g/kg b.w.). A post-mortem anatomical investigation was 

performed on the dead animal, and it was diagnosed with numerous cysts in the liver. 

Therefore, the death can be considered as unrelated to the toxic side-effects of the Aloe vera 

gel, as no other toxicological symptoms were observed in the other living animals of the 

same or other dose groups. Body weight of the experimental animals also showed no 

significant difference among all the dose groups when measured against the untreated 

animals (Fig. 4.1). The changes observed in the histological sections of the liver and kidney 

tissues were also non-significant (Fig. 4.2). The different enzymatic parameters of the serum, 

like triglycerides, cholesterols, ALP, creatinine, HDL-D, LDL-D, SGPT, SGOT (Fig. 4.3; A, 

B, C, D, E, F, G and H respectively) showed no major significant differences between the 

experimental groups and the control animal group. In addition, no change in the blood sugar 

level in the experimental groups was observed. The triglyceride level was normal in T1 and 

T3 but slightly decreased in T2. The serum cholesterol concentration was decreased in T2 

and T3, while the concentrations of serum creatinine increased in T2. 
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Figure 4.1. Diagram showing the increment in mean body-weight in different groups of experimental 

rats of sub-chronic toxicity test. PC refers to positive control animals, T1, T2 and T3 refer to the Aloe 

vera gel homogenate-treated groups, with a single daily-dose schedule at doses of 1, 2 and 4 g/kg b.w. 

respectively. No significant difference in the degree of weight-increment was seen among the groups. 

 

 

Figure 4.2. Histological study of Kidney (in the upper panel) and liver (in the lower panel) of 

experimental rats of sub-chronic toxicity test.  A and E represent PC group, B and F represents T1, C 

and G represents T2 and D and H represents T3. The insets of each picture show 40X magnification 

where as the main picture shows 10X magnification. The size of the bar is in µM. PC refers to 

positive control animals, T1, T2 and T3 refer to the Aloe vera gel homogenate-treated groups, with a 

single daily-dose schedule at doses of 1, 2 and 4 g/kg b.w. respectively.  
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Figure 4.3. Different toxicological parameters measured in sub-chronic toxicity test experimental 

rats, fed with Aloe vera gel homogenate. * denotes significance at P≤0.05. PC refers to positive 

control animals; T1, T2 and T3 refer to the Aloe vera gel homogenate-treated groups, with a single 

daily-dose schedule at doses of 1, 2 and 4 g/kg b.w. respectively. NS denotes non-significant variation 

with PC. NS = non-significant; * = P< 0.05; ** = P < 0.01; *** = P< 0.001  

A 

C 
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D 

E F 

G H 
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 The present study has explored in detail, the sub-acute toxic effects of the crude 

unprocessed parenchymal gel obtained from wild Aloe vera harvested from the sub-

Himalayan part of West Bengal. For sub-chronic toxicological tests, a loss in the body weight 

is an indicator of immediate toxic effect of a product (Brautbar and Williams, 2002) and no 

such change in body weight was observed among the animals of different groups consuming 

different Aloe gel doses during the 28-day long gel feeding schedule. No change in the 

feeding behavior, in the circadian clock, and in water or food intake was observed in the 

experimental animals during the study. Our findings indicated that there is no detectable 

harmful interaction between the major physiological attributes of the model animal system 

and Aloe vera gel constituents when the gel is orally consumed. Histological analysis of 

kidney and liver tissues supported the results obtained from the analysis of serum enzymes. 

There were no striking alterations in the structures of the stained sections of kidney and liver 

between the experimental groups and PC. Kidneys showed well-formed Bowman’s capsule 

and well visible proximal convoluted tubules around the highly vascularized glomerular 

region. In the liver histological sections, the cells forming the liver showed no deformities. In 

our study, in all the experimental groups, both organs showed normal structure and 

arrangement of cellular components. (Fig. 4.2). This was further supported by the 

comparison of serum biochemical (Fig. 4.3) parameters of Aloe gel-treated groups and 

control group animals. Blood glucose and hemoglobin estimates were normal in all 

experimental groups (data not shown). 

 The serum creatinine was slightly elevated in the T2 group (Fig. 4.3 D), which could 

indicate kidney malfunction but it was not supported by the histology of the kidney of the T2 

group animals when compared with those of the other groups (Fig. 4.2). Moreover, the other 

experimental groups receiving different Aloe gel doses showed no such changes in the levels 

of serum creatinine. As a result, an obvious reason for the change of one serum constituent 

level (creatinine) in one experimental group (i. e. T2) could not be specified. 

 Cholesterol, which is a ‘bad fat’, decreased non-significantly in the T2 and T3 groups 

(Fig. 4.3, B), indicating that Aloe vera gel consumption reduced the cholesterol content of the 

serum, at least at a high dose. However, all groups had normal triglyceride content of 100-

140 mg/dL (Fig. 4.3 A). LDL-D and HDL-D (Fig. 4.3, E and F) values showed no 
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significant changes in the experimental groups compared to PC. ALP, secreted from the bile 

duct and liver, is a bile duct malfunction marker when SGOT and SGPT levels are normal; 

on the other hand, SGPT, SGOT and ALP together constitute the array of markers for liver 

damage (Giboney, 2005; Kew 2011). ALP, SGPT and SGOT remained within normal range 

at the end of the experimental feeding schedule (Fig. 4.3, C, G and H respectively). In 

addition to this, any damage in liver parenchymal cells results in an elevation of SGOP and 

SGPT levels (Giboney 2005), which was assessed to be absent in this study. The obtained 

normal values of serum enzymes are strongly supported by the normal appearance of the 

organs in histology.  

 Sub-chronic toxicity tests following the OECD guidelines provide detailed idea 

regarding the physiological and biometric changes in the body during a moderate-long (28 

days) exposure to the drug or drug-like compounds. Almost all the herbal medicines and 

plant extracts are screened through the process to ensure a safe consumption and lack of side-

effectivity. Extract of Syzygium guineense (Loha et al., 2019) showed no toxic effect at a 

sub-chronic dose of 1500mg/kg b.w. Some recent studies include the ethanol extract of 

Pericampylus glaucus (Kifayatullah et al., 2015), Cassia fistula (Abid and Mahmood, 2019), 

Withania frutescens (Moussaoui et al., 2020), and even some species of genus Aloe except 

Aloe vera found in Ethiopia. All these plant extracts have been concluded to have a non-toxic 

effect at sub-acute level at higher doses. The serum biochemical parameters as well as the 

enzyme assays like SGPT, SGOT, ALP showed no significant change with those of the 

positive control group (PC) containing normal animals. Findings on the body weight, organ 

histology, serum biochemical parameters like serum, like triglycerides, cholesterols, ALP, 

creatinine, HDL-D, LDL-D, SGPT, and SGOT have shown significant similarities with the 

previous studies done with other established herbal medicines and it can be postulated that 

the Aloe vera gel at a dose up to 4 g/kg b.w. do not elicit any toxic effect in the body of the 

model animal when orally consumed for an extended period of time,  

4.1.3. MTT assay 

In the MTT assay, both peritoneal macrophage and spleenocyte cultures of M2 

groups showed higher cell cytotoxicity than that in the M1 groups. Spleenocyte culture 
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showed an increase in cytotoxicity in a dose-dependent manner compared to PC (Fig. 4.4, A 

and B respectively). 

 

Figure 4.4.  MTT assay of rat peritoneal macrophage (A) and spleenocyte (B) when treated with Aloe 

vera gel homogenate. PC refers to positive control; M1 refers to cultured suspension containing 50 μl 

plant homogenate, containing 60 mg Aloe gel; M2 refers to cultured suspension 50 μl plant 

homogenate, containing 120 mg Aloe gel. NS = non-significant; * = P< 0.05; ** = P < 0.01; *** = P< 

0.001. 

 The MTT cell-viability tests (Fig. 4.4, A, B) were done to examine the cytotoxic 

effects of Aloe vera crude gel on peritoneal macrophages and spleenocytes of experimental 

rats. In the MTT assay, it is evident that higher dose of plant extract added to the cell cultures 

increased the death rate of the cells in the culture At a lower dose (dose group containing 30 

mg of Aloe gel), the experimental group did not show any change in the cell viability (Data 

not shown). However, the experimental process and the dose groups used for MTT assay 

(M1 and M2) were much different from the in vivo experiments. The amount of Aloe gel 

added to the culture was strikingly higher from that of the in vivo studies. In the in vivo 

studies, following the oral administration of the plant gel and its absorption in the body 

system, the bioavailability of the bioactive compounds of the gel would be significantly low. 

Along with that, considering the number of body cells (in the in vivo studies) and the number 

of cultured macrophages or spleenocytes (in the in vitro MTT assay), the bioavailability of 

the plant bio-molecules will differ up to a large extent. That has probably been an important 

factor resulting in the absence of toxic effects of the Aloe vera gel in in vivo studies when 

administrated orally at orally consumable doses. 

A B 
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  The MTT assay is a sensitive and reliable colorimetric approach to measure cell 

viability against a drug like compound. Plants like Acanthospermum hispidum, Boerhavia 

diffusa, Croton gratissimus, Ficus sur, Spondias mombin (Ogbole et al., 2017), Aspilia 

Africana, Andrographis paniculata (Ala et al., 2018) etc and many more plants with 

medicinal properties have been assessed for their role against cell viability through MTT 

assay. Plants recognized with anti-cancer potential generally show a high cell death in MTT 

assay at low extract dose. However, the present work nullifies the cytotoxic effect of Aloe 

vera gel at orally consumable doses up to 50 gm/ kg b.w.  

 

4.1.4. Molecular docking studies for toxicity determination 

In silico approach for docking of Aloe-derived phytocompounds with the major 

toxicity marker enzymes was considered to complement the idea of enzyme-inhibition by the 

Aloe-compounds which would lead to a change in the physiology of the model animal. Aloe-

derived phyto-compounds were selected through literature study (section 3.2.2.2.4) and were 

simulated for molecular docking with the marker enzymes of the model animal body with the 

help of Autodock vina. 

In the molecular docking analysis, the combination of phyto-components of Aloe with 

the selected proteins, showing the best binding-affinity with the least root mean square 

deviation (RMSD) from zero was considered. For the docking studies, the proteins were 

made ready by adding polar water and by removing water molecules wherever required. 

Non-polar hydrogens were also merged. All the bonds and torsions were left free to rotate. 

The computer simulated process found all the probable binding sites of the individual 

proteins with each of the selected phyto-compounds of Aloe gel and the binding energy was 

measured by the software. Among the selected proteins, glutamate dehydrogenase showed 

the substantial binding affinity with all the phyto-chemicals on average. This was followed 

by hepatitis Bx, which was considered as a model protein for the experiment. When the 

interactions with respect to ligands (phyto-compounds) were considered, Aloe-emodin 

proved to be the best ligand, followed by cholestanol. Aloe-emodin also had a strong binding 

affinity of -8.6 kcal/mol with the standard control hepatitis Bx (Fig. 4.5, A and B) during 

simulated interaction. The second-best interaction of Aloe-emodin was observed with 
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glutamate dehydrogenase, with a binding affinity of -8.5 kcal/mol (Fig. 4.5, C and D). When 

binding with Cox-2 was examined, Aloe-emodin displayed a binding affinity of -8.0 

kcal/mol; second best binding was shown by cholestanol, which had a binding affinity of -6.5 

kcal/mol (Fig.4.6). The rest of the target proteins and aloe-derived phyto-compounds showed 

different degrees of binding affinities which has been represented in a heat-map image (Fig. 

4.7). 

 

Figure 4.5. [A] Molecular docking of Aloe-emodin with hepatitis BX protein, the encircled area 

showing the active binding site of the protein with which the phytocompound interacts. [B] Details of 

the amino acids of hepatitis BX protein interacting with aloe-emodin (LEU93, HIS94, THR97, 

LEU614, ARG722, LYS723, TYR913). [C] Docking of Aloe-emodin with glutamate dehydrogenase 

protein, encircled region showing the position of aloe-emodin. [D] Positioning of amino acids of 

glutamate dehydrogenase protein interacting with aloe-emodin (ARG86, THR87, PRO88, PRO121, 

ALA184, HIS195, GLN205, TRP385, HIS391). 
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Figure 4.6. Simulated docking image of Aloe-emodin interacting with Cox-2. Encircled region 

indicates the best binding site. 
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Figure 4.7. Heat-map showing the binding strengths (Kcal/mol) of different Aloe vera gel-derived 

pure phyto-compounds against the different toxicity-marker enzymes. Aloe-emodin showed the best 

binding strength with hepatitis BX followed by glutamate dehydrogenase enzyme. 

 The in vivo experimental parameters were further supported by the in silico binding 

or docking studies of the active compounds of Aloe vera gel with the enzymes of interest 

which were pre-selected from the target enzymes of the serum biochemical tests. The 

identified Aloe vera gel bio-active compounds were chosen from available scientific 

documentations and the promising compounds were selected for this study. Glutamate 

dehydrogenase, an important regulator of the urea cycle and a liver function indicator showed 

the best interactions with the bio-constituents of Aloe vera gel, particularly with Aloe-emodin 

(Fig. 4.5, C and D), cholestanol and β-sitosterol. The simulated interaction of standard 

protein hepatitis Bx also indicated an overall good interaction with all examined ligands 

including aloe-emodin. The best interaction was observed with Aloe-emodin (binding 

affinity of -8.6 kcal/mol) (Fig. 4.5, A and B). Hepatitis Bx is an indicator of liver dysfunction 

and during hepatitis, the up-regulation of this protein increases the chances of hepatic 
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carcinoma (Kew, 2011). As a part of the study, the strong interactions between Aloe vera gel 

constituents and the hepatitis Bx protein also indicates an inhibition of this protein during 

hepatitis. The strong binding between Aloe-emodin and Cox-2 raises a chance of Cox-2 

down-regulation in the associated inflammatory pathway (Abdulla et al., 2005) (Fig. 4.6). 

Our study also revealed numerous interaction sites for Aloe-emodin and other phyto-

constituents with Cox-2 protein.  

 The other toxicological marker enzymes used for the in silico docking study (SGPT, 

SGOT and ALP) is the indicators of liver functioning. All the phytochemicals of the Aloe gel 

displayed average to moderate binding affinity with the proteins (Fig. 4.7). Phyto-compounds 

with a relatively high binding affinity are expected to hamper the normal functioning of the 

protein(s).  

 There are very scanty evidences about the in silico docking of plant extract derived 

phyto-compounds with the toxicity biomarker host body proteins. The present study 

represents a new perspective of research regarding the toxicity tests. However, plant derived 

purified compound like agathisflavone has been subjected to assess the toxicity and 

inflammatory effects in silico in a similar way. The compound showed strong binding 

affinity with both SGPT and SGOT proteins and it has been postulated that the binding of the 

compounds in the specific binding pocket of the enzymes with a high affinity would down-

regulate the function of the enzyme (Andrade et al., 2019). In the present study, the in silico 

molecular docking assay performed between Aloe vera gel phyto-compounds and toxic 

marker proteins suggests that the gel compounds can inhibit the expression of toxicity marker 

enzymes and thus, inhibit the toxicological outcomes.  

4.1.5. Solubility analysis for toxicity and bio-availability  

The in silico analysis of solubility provided an excellent information regarding the 

bio-availability of the phyto-compounds in the body system. The major phyto-components of 

the Aloe vera gel used in the molecular docking study were investigated for their solubility 

property which ensures the chances of their bio-availability. The process was done in 

computer simulated programme using ALOGPS and chemcalize online assistance. The 

structures of the phyto-components are assessed by the programmes to evaluate its solubility 

and absorption pattern in the blood plasma and other solvents. According to the theories of 
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octanol-water partition coefficient, log P should be between -0.4 and +5.6. Among the 

selected bio-active compounds of Aloe vera, β-sitosterol, cholestanol, hypoxanthine, oleic 

acid, and squalene remained outside the ideal range. The log S value is the parameter for 

solubility of the phytochemicals. The optimum range of log S value lies around -5 mol/L. 

Aloe vera-derived compounds, such as acetophenone, azelaic acid, hydro-p-coumaric, 

hypoxanthine and salicylic remained outside the range of good solubility. Another important 

solubility parameter is log D value, which has an ideal range of -3 to +3. Molecules with low 

log D values readily pass through the cell membrane and have better solubility. β-sitosterol, 

cholestanol, oleic acid and squalene were the compounds which were out of the preferred 

range (Table 4.2). 

 

Table 4.2: Solubility analysis of the Aloe gel-derived pure compounds. 

Chemicals logP
#
 logS

#
 LogD

#
 

Acetophenone 1.65 -1.95 1.53 

Aloe-emodin 1.27 -2.96 1.88 

Azelaic acid 1.37 -1.92 -3.65 

β-sitosterol 7.27 -7.35 7.84 

Cholestenol 7.02 -7.41 7.52 

hydro-p-coumaric 1.15 -1.79 -1.28 

Hypoxanthine -0.74 -1.79 -0.42 

oleic acid 7.68 -6.37 4.40 

Salicylic 1.96 -1.09 -1.52 

Squalene 8.64 -5.91 10.42 
# Log P is defined as the lipophilicity of the component resulting in the solubility of the compound in 

lipid medium.. Log S value is a unit stripped logarithm (base 10) of the solubility of a component in 

aqueous medium measured in mol/liter. log D, is the solubility of the phytocomponent at 

physiological pH 
  

 Bioavailability of the compounds are the important factors for effectiveness of the 

drug. Compounds with high binding affinity should also possess a proper solubility index to 

be available in the body to reach the cellular proteins (Table 4.2). Aloe-emodin qualified all 

the logP, logS, LogD thresholds and qualified as a potential ligand. The logD value 

considered at physiological pH of 7.4 ensured that Aloe-emodin could circulate through the 

plasma following absorption and could bind and interact with the target proteins. Aloe-

emodin, a potent anthraquinone of Aloe vera origin, seemed to be the most promising 

compound for the bioactivity during toxicological studies. 
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4.2. RESULTS OF ANTI-INFLAMMATORY POTENTIAL 

4.2.1. In vitro anti-inflammatory tests 

4.2.1.1. Effect of Aloe vera gel homogenate on hypotonicity-induced hemolysis of hRBCs 

 The standard NSAID drug Indomethacin showed the highest protection 

(80.52±0.655%) against hypotonicity-induced RBC membrane lysis at the concentration of 

200 µg/ml. Aloe vera gel homogenate protected the RBC membrane lysis in a concentration 

dependent manner (Table 4.3). Maximum protective effect was seen in 1000 µg/ml dose of 

Aloe vera gel homogenate (74.89±1.26%). Results has shown that the Aloe gel-treated dose 

groups (600, 800, 1000 µg/ml) inhibited the RBC membrane hemolysis significantly in 

hypotonicity-induced stress (Fig. 4.8, A). 

 

4.2.1.2. Effect of Aloe vera gel homogenate on heat-induced hemolysis of hRBCs 

 All the experimental doses of Aloe vera crude gel homogenate (600, 800, 1000 

µg/ml) elicited significant inhibition activities against heat-induced hemolysis of RBCs (Fig. 

4.8, B). The PI of hemolysis was dose-dependent in the experimental groups and maximum 

inhibition of hemolysis was observed in 1000 µg/ml Aloe gel dose group (20.86±0.770%). 

Although, standard NSAID drug Indomethacin showed the maximum inhibition of 

43.98±1.52% at 200 µg/ml concentration (Table 4.3). 

 

4.2.1.3. Effect of Aloe vera gel homogenate on protein-denaturation inhibition test 

 Aloe vera gel homogenate of different doses showed significant inhibition of protein 

denaturation in the dose dependent manner (Fig. 4.8, C). In the experimental groups, Aloe 

dose groups of 600 µg/ml, 800 µg/ml, 1000 µg/ml showed inhibition of 34.27±3.86%, 

37.82±5.30%, 39.35±4.25% respectively. Diclofenac sodium, used as the standard NSAID 

drug, showed a PI of 46.74±1.84% at a concentration of 100 µg/ml (Table 4.3). 
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Table 4.3: Inhibitory properties of Aloe vera gel homogenate against hRBC membrane 

lysis and protein denaturation compared to their standard drug groups (Indomethacin, 

in membrane stabilization; and diclofenac sodium, in protein denaturation experiment). 
 

    Test samples  Concentration  

        (µg/ml) 

             Mean % of inhibition ± S.E.M. 

Hypotonicity 

induced hemolysis 

Heat induced 

hemolysis 

Protein 

denaturation 

Aloe vera crude gel 

homogenate 

600 39.87±.685 17.12±0.998 34.27±3.86 

800 52.04±2.18 18.36±1.79 37.82±5.30 

1000 74.89±1.26 20.86±0.770 39.35±4.25 

Indomethacin 200 80.52±0.655 43.98±1.52 - 

Diclofenac 100 - - 46.74±1.84 

 

 Erythrocyte membrane stability test is a widely accepted study to assess the possible 

anti-inflammatory effect of synthetic drugs and traditional herbal remedies (Shinde et al., 

1999). During inflammation, lysis of the lysosomal vesicle membranes releases their 

component enzymes to initiate the inflammatory response. A stabilized membrane prevents 

the release of its contents and inhibits inflammation. NSAIDs exert their effects by 

stabilizing the lysosomal membranes or by inhibiting the release of lysosomal enzymes 

(Anisoke et al., 2012). 
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Figure 4.8. Figure representing the inhibitory role of Aloe vera gel against the hypotonicity-induced 

(A), heat-induced (B) haemolyses and against protein denaturation (C). The bar labels represent the 

different experimental dose groups and standard drug group. Significance value at P≤0.001 is 

indicated as ***. 

 

 

 The RBC is considered to be a model system for the study of lysosomes. Lysosomes 

have a great role in the elevation of inflammation in the inflamed site by releasing its 

lysosomal components and enzymes. If the lysosomal membrane is stabilized, the release of 

such inflammatory mediators is inhibited resulting in the down-regulation of inflammation. 

An exposure of RBCs to hypotonic medium or to elevated temperatures results in the lysis of 

the RBC membranes proceeded with hemolysis and hemoglobin oxidation. In the hypotonic 
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solution, excessive accumulation of fluid within the cell results in the rupture of its 

membrane. Increased body temperature also results in the rupture of the RBC membrane and 

hemolysis (Aloni et al., 1977). If RBC membrane lysis (induced by heat or hypotonicity) is 

lowered by the subject drug-like compound, it is expected that the lysosomal membrane 

protection will be provided by the same subject in vivo.  In the present study, a dose-

dependent relationship of Aloe vera gel homogenate against both hypotonicity and heat-

induced lysis of RBC membrane (Fig. 4.8, A and B; Table 4.3) has been found. Therefore, it 

can be postulated that all the experimental doses of plant extract can inhibit the release of 

lysosomal content during the inflammatory processes. A possible explanation for the 

membrane stabilizing activity of plant extracts could also depend on the increased surface 

area/volume ratio of the cell (Abe et al., 1991) or the stabilization of the skeletal proteins 

such as tropomyosin by the phyto-compounds (Chasis and Mohandas, 1986; An et al., 2007). 

 Protein denaturation is a well-documented feature in the advanced stages of chronic 

inflammatory diseases like RA (Rowley et al., 1986). In the protein denaturation-inhibition 

test, treatment of egg albumin with increased heat resulted in the denaturation of egg 

albumin. Heat exposure causes the breakage of the functional three-dimensional (3-D) 

structure of protein. Standard NSAID drugs can inhibit heat-induced protein denaturation 

(Saso et al., 2001). In the present study, it has been found that Aloe gel homogenate inhibits 

the heat-induced protein denaturation at the experimental doses (Fig. 4.8, C; Table 4.3). 

 The screening of anti-inflammatory properties of the plant extracts and herbal 

remedies through the hemolytic assays and protein denaturation assay has been well 

practiced for over a decade now (Shinde et al., 1999). The plants like Cissus multistriata 

(Omale and Okafor, 2008), Albuca setosa (Umapathy et al., 2010), Solanum aethiopicum 

(Anisoke et al., 2012), Jatropha gossypifolia (Nagaharika and Rasheed, 2013), Piper chaba 

(Yesmin et al., 2020) has shown promising membrane stabilization activity and inhibition of 

protein denaturation and proved to be efficient anti-inflammatory CAM remedy in the 

traditional practice. From the results of in vitro anti-inflammatory experiments, it is found 

that Aloe vera gel homogenate shows no different anti-inflammatory potential when 

compared with such anti-inflammatory herbs.   
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4.2.2. In vivo anti-inflammatory tests 

4.2.2.1. Cotton pellet induced granuloma formation test 

The mean value of dried cotton pellet-induced granuloma was 0.051±0.006 gm in the 

standard group (STN). In the LD and HD groups, the mean dry weights of cotton pellet 

granulomas were 0.053±0.007 and 0.057±0.005 gm respectively. PC had the mean weight of 

0.062±0.007 gm (Fig. 4.9). It has been estimated that, the LD group showed a 14.51% 

decrease in the dry-weight of cotton pellet, whereas HD showed 8.06% decrease against that 

of the PC. The STN group treated with indomethacin showed 17.74% decrease in the dry 

weight of cotton pellet compared to PC.    

 

Figure 4.9. Diagram showing the dry-weight of cotton pellet-induced granuloma in different 

experimental groups. PC refers to positive control; LD and HD are experimental groups. LD 

corresponds to 0.40 g of Aloe vera gel homogenate / kg b.w. and HD correspond to 0.80 g of Aloe 

vera gel homogenate / kg b. w. The top of the bars express the PI in % compared with PC. 

 The cotton-pellet induced granuloma-formation model is an established model for the 

assessment of chronic inflammatory reaction (Sengar et al., 2015). The granuloma formation 

against implantation of cotton pellet is characterized by three phases. Initial phase is the 

transudative phase which is early response generated within 3 h after cotton pellet 

implantation. It is characterized by increased vascular permeability which leads to leakage of 

fluids from blood vessels. The next phase is the exudative phase which continues from 3 h to 

about 72 h after implantation and it is characterized by protein leakage around the cotton 
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pellet where granuloma formation starts. It is a repairing mechanism against abnormally 

increased vascular permeability of the previous phase. The third phase is the proliferative 

phase which lasts from 3 days to 6 days and more, leading to the formation of granuloma 

tissue as a result of the release of pro-inflammatory mediators (Swingle et al., 1972; 

Pingsusaen et al., 2015). In the transudative phase, increase in the wet weight of the cotton 

pellet occurs; whereas in the proliferative phase, increase in the dry weight of granuloma is 

observed (Damre et al., 2003). Granuloma tissue formation is a result of increased in number 

of fibroblasts, synthesis of collagen and mucopolysaccharides, penetration of proliferating 

fibroblasts into the cotton pellet implanted region together, which ultimately leads to the 

formation of a vascularized mass (Hosseinzadeh et al., 2003). From the results, it is clearly 

seen that oral administration of Aloe vera crude leaf gel homogenate can reduce granuloma 

formation (Fig. 4.9). It was found that the extract elicited significant anti-inflammatory 

activities in both LD and HD experimental group rats by inhibiting the migration of immune 

cells and reducing the dry weight of granuloma. 

 The experiment has been implemented on model animals using different other plant 

extracts to validate their role against inflammation. Some recent works include the plants like 

Agave Americana (leaf extract at a dose of 400 mg/ kg b.w.) (Mishra et al., 2018), 

Stemonocoleus micranthus (stem bark at a dose of 400mg/ kg b.w.) (Mbaoji et al., 2020), 

Bryophyllum pinnatum (leaf part at a dose of 400 mg/kg b.w.) (Oladejo et al., 2021) etc. A 

few studies have also quantified the major inflammatory marker proteins for this 

inflammatory model and the inflammatory markers were down-regulated when the inflamed 

model animal was treated with plant extract (Oladejo et al., 2021). All the plants show the 

reduction in granuloma weight which is very similar to our recent finding on Aloe vera gel 

homogenate. So, it can be concluded that the unprocessed orally consumed Aloe vera gel has 

substantial potent anti-inflammatory activity which inhibits the formation of granuloma in 

experimental animals. 

4.2.2.2. Carrageenan-induced paw swelling test 

It is evident that in the standard (STN) group, indomethacin treatment showed the 

best PI of 92.7% after 3.5 hours (210 min) of carrageenan injection when compared against 
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NC. Experimental groups LD and HD also effectively decreased paw swellings by 58.69% 

and 74.09% respectively. (Fig. 4.10). 

 

Figure 4.10. Carrageenan-induced paw swelling (measured as paw circumference in mm) in different 

animal groups expressed as mean values with respect to time (in hour). PC refers to positive control; 

LD and HD are experimental groups. LD corresponds to 0.40 g of Aloe vera gel homogenate / kg b.w. 

and HD correspond to 0.80 g of Aloe vera gel homogenate / kg b. w. NC refers to negative control 

group. STN refers to standard drug group in which indomethacin was used at a dose of 10 mg/kg b. 

w. NS = non-significant; * = P< 0.05; ** = P < 0.01; *** = P< 0.001. 

 

 Carrageenan-induced paw edema is another established model for in vivo study of 

anti-inflammatory activity of drug-like products. The early phase of inflammation following 

carrageenan induction is initiated by histamines and serotonins. The tissues of the region 

exposed to carrageenan also show increased prostaglandin synthesis when damaged (Gupta 

et al., 2006). The late phase is initiated by bradykinins, polymorphonuclear immune cells and 

prostaglandins released from invading macrophages (Gupta et al., 2006). Prostaglandins help 

in the elevation of the temperature of the inflamed region and cause inflammatory pain. 

NSAID drugs like indomethacin (standard drug used in the experiment) inhibits the enzyme 

prostaglandin H2 synthase (also known as cycloxygenase or Cox) which is a catalyst of 

prostaglandin synthesis in the early steps. Inhibition of inflammation is measured by the 
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inhibition of paw-swelling in the carrageenan-induced paw edema model. It is also postulated 

that the inhibition in inflammation occurs as the phyto-constituents of the Aloe vera gel 

suppresses the release of inflammatory mediators including histamine, serotonin, bradykinin 

and prostaglandins which are responsible for the acute inflammation. 

 This study has found that the Aloe vera gel homogenate down-regulate the 

inflammatory swelling caused by carrageenen in the model animal in a dose-dependent 

manner by interacting with one of the above mentioned pathways. In this respect, in silico 

docking of Cox-2 protein with Aloe gel phyto-compounds like Aloe-emodin during the 

toxicological analysis also revealed the similar result indicating a strong possibility of Cox-2 

inhibition by Aloe vera gel (Fig. 4.6).   

 The well explored medicinal plants like Terminalia bellerica (Chauhan et al., 2018), 

Muntingia calabura (Jisha et al., 2019), Anacardium occidentale (Cordaro et al., 2020), 

Xanthium indicum (Chaudhari et al., 2020), Stemonocoleus micranthus (Mbaoji et al., 2020) 

have also shown significant inhibition of carrageenan-induced paw edema in the model 

animals. The present study therefore confirms the anti-inflammatory role of the naturally 

harvested crude unprocessed Aloe vera gel in this regard.  

4.3. ANTI-ARTHRITIC POTENTIAL ASSESSMENT 

4.3.1. FCA-induced arthritic rat model 

4.3.1.1. Biometric studies 

 Measurement of paw circumference 

The FCA induced inflammatory arthritic rat model was selected for the assessment of 

anti-arthritic property of the naturally harvested unprocessed Aloe vera gel. The animals were 

injected with FCA in the hind paw which elicited arthritis-like conditions in the animal hind 

paw joint. The paw-circumference, body weight were monitored regularly and joint histology 

and haematological parameters were monitored at the end of 28 day long Aloe gel feeding 

schedule. Paw circumference was measured using a vernier caliper as mentioned in the 

Material and Method section (section 3.2.4.1.1). After the induction of arthritis by injecting 

FCA, the paw swellings were achieved in all the groups within 3-4 days (Fig. 4.11 A and B; 

Day 3). In the following days, paw-swelling in Aloe-gel treated groups decreased and 

approached normalcy around the 10th day. The FCA group rats retained more paw swelling 
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compared to the Aloe-gel treated experimental groups (LD and HD). The same feature was 

also observed following the booster injection with FCA. There was significant increase in the 

mean value of paw circumference (in mm) in the entire FCA-induced arthritic groups (LD, 

HD and FCA) (Fig. 4.11). But the paw-circumference of the plant gel-treated experimental 

groups (LD and HD) showed significant reduction in the increment rate of paw-swelling 

during treatment with Aloe vera gel homogenate. Both the LD and HD groups showed 

23.30% and 65.59% less swelling respectively, compared to the FCA group on the 28th day. 

Similar studies conducted on Cinnamomum zeylanicum (Vetal et al., 2013), Barleria 

prionitis (Choudhary et al., 2014), Berberis calliobotrys (Hasan et al., 2015) and so other 

plants (Ekambaram et al., 2010) have shown a similar pattern regarding the reduction of 

paw-swelling when treated with subject plant extract. 

 

Figure 4.11. Comparison of rat paw circumference of different groups (in mm) following FCA 

injection (A) represents the line diagram showing the patterns of changes in the paw circumference 

through the experimental days up to 28
th
 day. (B) represents day-wise measurement of the paw 

circumference in different groups in different experimental days expressed in bar diagram. PC refers 

to positive control; LD and HD are experimental groups. LD corresponds to 0.40 g of Aloe vera gel 

homogenate / kg b.w. and HD correspond to 0.80 g of Aloe vera gel homogenate / kg b. w. FCA 

refers to arthritic control group. NS = non-significant; * = P< 0.05; *** = P< 0.001. 
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 Photograph and radiological imaging of paw joint: 

The photographs of the FCA-injected hind paws of the different rat groups were 

captured on the 21
st
 and 28

th
 day of the experiment. Following the anesthesia-based sacrifice 

of the animals, the separated hind paws were subjected to radiological analysis. Radiological 

imaging as well as the photographs confirmed dilation of the paw joints in all the induced-

arthritis groups at the 21
st
 and 28

th
 days of experiment commencement. However, when the 

images were compared, the FCA group clearly showed more dilation in the joint structure 

compared to the LD and HD group animals (Fig. 4.12). Clearly, the Aloe gel treated group 

showed decrease in the paw-swelling and joint deformities were less. The degree of swelling 

of the inflamed paw was confirmed by the estimation of paw circumferences in different 

animal groups (Fig. 4.11); radiological images were compared and lack of integrity of the 

paw joint was well evident. Conclusions from both the photographic and radiological data 

were further confirmed through a blind-folded checking by a subject expert, where the 

animal groups were hidden at the time of checking by the expert. 

The occurrence of joint space-reduction or narrowing of joint spaces between bones 

in arthritic models have been shown by other authors where herbal remedies like Strychnos 

potatorum (Ekambaram et al., 2010), Tridax procumbens (Petchi et al., 2013), Sesamum 

indicum (Ruckmani et al., 2018), Berberis calliobotrys (Hasan et al., 2021) have 

significantly reduced the joint damage when these complementary medicines are orally 

supplemented in the model animals. The present study on Aloe vera gel has shown its 

potential bone-joint protection and healing properties when orally fed in the inflamed 

arthritic model animals. 
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Photograph of hind paw swelling 

of animals from different groups 

on day 21 

Image of hind paw X-ray of 

animals from different groups on 

day 21 

Photograph of hind paw swelling 

of animals from different groups 

on day 28 

Image of hind paw X-ray of 

animals from different groups on 

day 28 

PC      LD       HD  FCA 

Figure 4.12. Photographs and X-rayed images of FCA-injected hind paws from different animal groups on both 

21
st
 and 28

th
 day of the experiment. In the photographs, the degree of paw swelling can be visualized by the lack 

of prominence of the foot pads. In the X-ray images, the degree of integrity of the joints is visible. The encircled 

regions of FCA group shows lack of structural integrity leading to a less clear image formation. PC refers to 

positive control; LD and HD are experimental groups. LD corresponds to 0.40 g of Aloe vera gel homogenate / kg 

b.w. and HD correspond to 0.80 g of Aloe vera gel homogenate / kg b. w. FCA refers to arthritic control group. 
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 Histological studies: 

 Histological observations showed that the cartilage layer of LD and HD group 

animals were less affected compared to the cartilage layer of FCA group animals. The 

surface layers of the cartilage were less irregular in the experimental groups (LD and HD) 

where Aloe gel was used as the remedy. The immune cell infiltration was more in the joints 

of FCA group animals compared to LD and HD (Fig. 4.13; cellular infiltration indicated by 

white arrows). Histological observations also clearly showed that the gel-treated (LD and 

HD) groups had less cellular infiltration in the cartilage compared to the negative control 

(FCA) (Fig. 4.13). The structure of the cartilage layer showed more tears and uneven lining 

in the FCA group rat joints (Fig. 4.13; irregular cartilage layer and decreased joint space in 

indicated by black arrows). These observations confirmed that the cartilage layer is protected 

when treated with Aloe vera gel homogenate. In the similar works done by Ekambaram et al. 

(2010), Choudhary et al. (2014); researchers have considered the histopathological 

assessment of the bone joint as a major parameter as this provides a strong visual 

interpretation of data for the determination of the efficacy of herbal remedies against 

inflammatory arthritis. These works have shown similar findings where the histopathology of 

the bone joint of the plant extract treated inflamed model animal showed restoration of the 

joint structure. 

 

 

 

 

 



Chapter 4: Results and Discussions 
 

~ 110 ~ 
 

 

PC LD HD FCA 

Figure 4.13. Longitudinal sections of the hind paw-joints of different rat groups on the 21
st
 day of the 

experiment. The white arrows indicate the immune cell infiltration in the cartilage region; the black 

arrows indicate the damage and degradation of the cartilage leading to less stained regions. Insets 

indicate 40X magnification within a 10X magnified image of bone joints. PC refers to positive 

control; LD and HD are experimental groups. LD corresponds to 0.40 g of Aloe vera gel homogenate 

/ kg b.w. and HD correspond to 0.80 g of Aloe vera gel homogenate / kg b. w. FCA refers to arthritic 

control group. 

4.3.1.2. Hematological studies 

In both 21
st
 day and 28

th
 day of experimental commencement, the experimental 

animals showed decrease in RBC counts in arthritic condition (FCA group) compared to PC 

(5.43 ± 0.485 and 6.24 ± 0.693 ×10
6
 RBC/mm

3
 respectively in 21

st
 and 28

th
 day for FCA 

group; and 9.27± 0.490 and 9.27 ± 0.732 ×10
6
 RBC/mm

3
 respectively for 21

st
 and 28

th
 day 

for PC) (Table 4.4); in LD and HD, the RBC count increased significantly compared to the 

FCA group. RBC count for LD on 21
st
 and 28

th
 day of experiment remained 8.44± 0.674 and 

8.88± 0.737 ×10
6
 RBC/mm

3
 respectively; whereas RBC count for HD on 21

st
 and 28

th
 day 

remained 7.92 ± 0.442 and 8.84± 0.763 ×10
6
 RBC/mm

3
 respectively (Table 4.4). It clearly 

states that the RBC numbers are towards restoration in arthritic animals when those were 

treated with Aloe vera gel homogenate. Total WBC count increased significantly in the FCA 

group (7.20 ± 0.489 and 6.90 ± 0.600 ×10
3
 WBC/mm

3
 on 21

st
 and 28

th
 day) when compared 

to PC (5.100 ± 0.503 and 5.50 ± 0.683 ×10
3
 WBC/mm

3
 on 21

st
 and 28

th
 day respectively). 

The treatment with Aloe vera gel homogenate in experimental groups brought back the 

parameter toward their normal levels. LD showed 5.70± 0.382 and 5.90 ± 0.600 ×10
3
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WBC/mm
3 

on 21
st
 and 28

th
 day respectively whereas HD showed 6.20 ± 0.516 and 6.60 ± 

0.765 ×10
3
 WBC/mm

3
on 21

st
 and 28

th
 days of experiment respectively (Table 4.4). Similar 

scenario was observed in the haemoglobin count of different animal groups on 21
st
 and 28

th
 

days of experiment (Table 4.4). Compared to the PC group (11.6±0.56 and 12.8±0.58 g/dl on 

21
st
 and 28

th
 day), FCA group showed a decrease in haemoglobin count (7.20±0.52 and 

7.80±0.46 g/dl on 21
st
 and 28

th
 day respectively); the haemoglobin count was restored 

towards normalcy in Aloe gel treated LD (10.5±0.72 and 11.0±1.06 on 21
st
 and 28

th
 day 

respectively) and HD (11.2 ±0.79 and 10.2±1.08 on 21
st
 and 28

th
 day respectively) group 

animals in both experimental days (Table 4.4).  

 

Table 4.4: Table representing the differences in the hematologic parameters of different 

experimental animal groups. RBC, Total WBC and hemoglobin count has been done on 

21
st
 and 28

th
 day. NS = non-significant; * = P< 0.05; ** = P < 0.01; *** = P< 0.001  

 RBC (7-10*10
6/

mm
3
) WBC (6-17*10

4
/mm

3
) Hemoglobin (11-18 g/dl) 

 21
st
 day 28

th
 day 21

st
 day 28

th
 day 21

st
 day 28

th
 day 

PC 9270000 

± 490408 

9270000 

± 732802  
5100 ± 503 5550 ± 683 11.6± 0.56 12.8 ± 0.58  

FCA 5430000 

± 485283  

a*** 

6240000 

± 693181  

a*** 

7200±489 

a*** 

6900±600 

a* 

7.2±0.52 

a*** 

7.8±0.46 

a*** 

LD 8440000 

± 674907  

b*** 

8880000 

± 737054  

b*** 

5700 ±382 

b** 

5900 ± 600 

b 

10.5± 0.72 

b*** 

11.0 ± 1.06 

b*** 

HD 7920000 

± 442436  

b*** 

8840000 

± 763544 

b*** 

6200±516 

b* 

6600 ±765 

b 

11.2±0.79 

b*** 

10.2±1.08 

b** 

Normal ranges of haematological counts in rats, according to CPCSEA, MoEF, India are given within 

parentheses. PC refers to positive control; LD and HD are experimental groups. LD corresponds to 0.40 

g of Aloe vera gel homogenate/kg b.w. and HD correspond to 0.80 g of Aloe vera gel homogenate/kg b. 

w. FCA refers to arthritic control group. a = comparison made between positive control (PC) and other 

groups; b = comparison made between negative control (FCA) and other groups.    

 RBC count usually decreases in arthritic conditions. This is because the bone marrow 

loses its normal functioning and fails to respond to anemic condition (Mowat, 1971). The 

RBC count increased significantly in experimental groups after 21st and 28
th

 days and 
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approached normalcy (Table 4.4). In contrast, WBC count is increased in arthritic condition. 

Triggering of the immune system with the FCA-antigens lead to the increased WBC in the 

circulation (Ekambaram et al., 2010). The levels of WBC in experimental groups treated with 

Aloe vera gel homogenate reached the normal values and showed no significant difference 

with that of the positive control rats (Table 4.4). The hemoglobin count also showed 

similarity with the value of RBC, as low RBC count results in low hemoglobin levels. The 

experimental groups showed significant increase in hemoglobin when compared with the 

negative control group. 

4.3.1.3. Serum Biochemical studies 

For the determination of serum biochemical parameters, the blood was collected from 

the animals after killing the animals under proper anesthesia following animal ethical 

committee promoted guidelines. The collected blood from each of the animals was kept 

separately for the isolation of serum. The serum protein, serum albumin, ceruloplasmin and 

creatinine of all the animals from each group was quantified from each of the animals 

separately using manual methods or biochemical kits in spectrophotometer (section 

3.2.4.1.3).  Arthritic rats (FCA group) showed a significant decrease in the serum level of 

total protein that was restored towards the normal ranges after Aloe-gel treatment. In the FCA 

group, serum total protein decreased 4.430 ± 0.48 and 4.89 ± 0.15 g/dl on 21
st
 and 28

th
 day 

compared to PC, which showed 9.12 ± 0.50 and 9.87 ± 0.52 g/dl amount of serum total 

protein on 21
st
 and 28

th
 day of experiment. The LD and HD groups both showed an increase 

in total protein level after Aloe gel treatment. In LD group, the total protein restored up to 

4.70 ± 0.10 and 5.28 ± 0.23 on 21
st
 and 28

th
 day of experiment respectively; in HD group, it 

restored up to 5.82 ± 0.16 and 5.89 ± 0.12 g/dl amount on 21
st
 and 28

th
 day of experiment 

respectively. (Fig. 4.14, A and B; Table 4.5). The experimental groups also showed 

restoration of the elevated serum ceruloplasmin level after feeding with Aloe vera gel 

homogenate (Fig. 4.14, C and D). Along with that, the experimental groups treated with 

Aloe-gel showed increased levels of serum albumin on 21st day than that in the diseased 

animals of negative control group. (Table 4.5). Arthritic rats showed an increase in serum 

creatinine level on the 21st day. However, the value of creatinine was normal in the Aloe-gel 

treated experimental groups (Table 4.5).  
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Figure 4.14. Estimation of serum protein and serum ceruloplasmin of different rat groups on 21
st
 and 

28
th
 day after induction of arthritis through FCA injection. The FCA group data was compared with 

the rest of the groups. PC refers to positive control; LD and HD are experimental groups. LD 

corresponds to 0.40 g of Aloe vera gel homogenate / kg b.w. and HD correspond to 0.80 g of Aloe 

vera gel homogenate / kg b. w. FCA refers to arthritic control group. NS = non-significant; * = P< 

0.05; ** = P < 0.01; *** = P< 0.001  
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Table 4.5: Measurement of serum protein, albumin and creatinine in different 

experimental groups.  

 Total protein (g/dl) Total protein (g/dl) Albumin (g/dl) Creatinine (mg/dl) 

 21
st
 day 28

th
 day 21

st
 day 21th day 

PC 9.12±0.50 9.871±0.52 6.958±0.02 2.922±0.22 

FCA 4.430±0. 48 4.89±0.15 3.312±0.06 4.856±0.07 

LD 4.702±0.10 5.280±0.23 3.951±0.05 3.755±0.03 

HD 5.821±0.16 5.891±0.12 3.730±0.02 2.970±0.06 

PC refers to positive control; LD and HD are experimental groups. LD corresponds to 0.40 

g of Aloe vera gel homogenate / kg b.w. and HD correspond to 0.80 g of Aloe vera gel 

homogenate / kg b. w. FCA refers to arthritic control group. 

   

 The level of total protein usually decreases during arthritis (Ekambaram et al., 2010). 

Rats of the negative control or FCA group showed a significant decrease in the total protein 

level  in comparison to the positive control rats in both the experimental time points (21st and 

28th days). All the experimental groups showed the tendency to increase the protein level 

with statistical significance (Fig. 4.14, A and B; Table 4.5). It reflects the role of Aloe vera 

gel in restoring total protein level of serum during RA. When compared to the increment of 

the body weight in these treatment groups, the role of protein synthesis become an important 

factor in maintaining the body weight. Similar to the serum protein, the total serum albumin 

level is reported to decrease in arthritic condition. It can be postulated that the increased 

permeability of vascular cells during the arthritic inflammation may increase the diffusion of 

albumin into vascular tissue and thereby may decrease the level of albumin in the blood. The 

experimental group rats showed an increased albumin concentration when compared to the 

FCA group rats (Table 4.5). Ceruloplasmin is a major superoxide scavenger and increases 

during the rheumatoid arthritis condition (Ekambaram et al., 2010). The experimental rat 

groups showed a restoration of elevated serum ceruloplasmin after the treatment with Aloe 

vera gel homogenate in both the 21st and 28th days (Fig. 4.14, C and D), confirming the 
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efficacious role of Aloe vera gel in the decrement of ceruloplasmin level. Arthritic rats also 

showed an increase in the serum creatinine level on 21st day. Serum creatinine concentration 

increased in the FCA group rats when compared to the positive control rats but all the other 

experimental group animals (LD and HD) showed no significant change when compared to 

the PC which indicated that the level of creatinine is normal (Table 4.5).  

 Other herbal remedies have shown similar results when the changes in the 

haematological and serum biochemical parameters were observed following the oral 

consumption of the subject plant in arthritic animals. Plants like Strychnos potatorum 

(Ekambaram et al., 2010), Tridax procumbens (Petchi et al., 2013), Sesamum indicum 

(Ruckmani et al., 2018) showed promising activities where haematological and serum 

biochemical parameters were brought back to normalcy in model animals following oral 

supplementation of herbal extracts. Total protein, albumin and ceruloplasmin showed a 

tendency to increase and creatinine showed a tendency to decrease in all these previous 

studies. 

 

4.4. REAL TIME-QUANTITATIVE PCR METHOD FOR THE RELATIVE 

EXPRESSION STUDY OF SOME SELECTED CYTOKINES AND BIOMARKERS 

 For the real time quantification of TNF-α and Cox-2, the blood was collected from 

the animals separately from all the groups. As discussed in the section 3.2.5.1, animals from 

PC, FCA, LD and HD group were sacrificed on 28
th

 day of experiment and the blood 

collection was done. RNA was isolated from the bloods of each of the animals separately and 

were pooled together for each of the groups. The pooled RNAs were subjected to cDNA 

preparation and RTqPCR. The quantification of the genes was done by 2
-∆∆Ct

 method where 

the housekeeping gene or internal control gene (GAPDH) served as a calibrator. The degree 

of expression change of target genes compared to calibrator gene was estimated in each 

group and the result was obtained in the form of changes in fold of expression. The 

transcription level expression of the target and the internal control genes were quantified in 

the negative control (FCA) and experimental animals (LD and HD) compared to the positive 

control animals (PC). All the target and control genes showed Ct values at less than 30 (Fig. 
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4.15 A). The expression bar for the group PC is not shown in the bar diagram as in the 

relative expression study as the expression of a gene in positive control (PC) animal is 

considered to be 1 and the fold change in the gene expression in the experimental group 

animals are measured relative to that normal expression (Fig. 4.16). 

 The dissociation curve analysis showed three distinct dissociation temperatures for 

three distinct genes (Fig. 4.15 B; circle A represents dissociation temperature zone for TNF-

α. Circle B represents dissociation temperature zone for GAPDH and circle C represents 

dissociation temperature zone for Cox-2 respectively). 

 Following the 2
-∆∆Ct

 method, TNF-α gene showed an elevated expression (expressed 

as fold change) in the FCA group (2.271±0.85) compared to PC (1-fold). TNF-α expression 

was reduced in both the Aloe gel treated groups (1.456±0.11 and 1.396±0.10 folds in LD and 

HD groups respectively) compared to FCA group. Cox-2 increased in FCA treated animals 

compared to the PC (1.842±0.68) but decreased in the treated groups (1.259±0.11 and 

1.198±0.083 folds for LD and HD groups respectively) (Fig. 4.16). It is evident that the 

expressions of TNF-α was decreased by 35.88% and 38.52% in LD and HD groups 

respectively when compared with FCA group animals; Cox-2 expression decreased by 

31.65% and 34.96% in LD and HD respectively when compared with FCA group animals.  
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Figure 4.15. A. Amplification curves of all the three selected genes in reverse transcription 

quantitative PCR containing each experimental group (in duplicates) obtained from the Roche 

LightCycler 96 machine. Two negative control sets were used during the experimentation resulting in 

two different colours in the graph. B. the circle A represents dissociation temperature zone for TNF-

α; Circle B represents dissociation temperature zone for GAPDH and circle C represents dissociation 

temperature zone for Cox-2 respectively. 
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Figure 4.16. Relative expression changes in the Cox-2 and TNF-α genes assessed through reverse 

transcriptase real time quantitative PCR. The expression of fold-changes is expressed in bar diagram 

and the significance value of LD and HD groups are compared with FCA groups. PC refers to 

positive control; LD and HD are experimental groups. LD corresponds to 0.40 g of Aloe vera gel 

homogenate / kg b.w. and HD corresponds to 0.80 g of Aloe vera gel homogenate / kg b. w. FCA 

refers to arthritic control group. Significance value at P≤0.05 is indicated as *; Significance value at 

P≤0.01 is indicated as **. 
 

 Cytokines are the important mediators of inflammation initiation and progression. 

TNF-α is a pro-inflammatory cytokine released from the macrophages and monocytes at the 

initiation of inflammation and as the inflammation progresses, the other infiltrating immune 

cells also produce TNF-α. It also initiates the production of matrix metalloproteinases 

responsible for cartilage degradation (Saleem et al., 2019; Hassan et al., 2019). On the other 

hand, Cox-2, an immune modulator, is responsible for the increased production of 

prostaglandins which is responsible for increased pain and swelling at the site of 

inflammation (Sano, 2011). Cytokines along with Cox are target bio-molecules of the host 

body which have a significant role on inflammation progression. Non-steroidal anti-

inflammatory drugs primarily function by inhibiting cycloxygenase pathway (Efthimiou and 

Kukar, 2010). Cytokine inhibitors have been introduced in the medication against 

inflammation as well.  

 The role of crude plant extracts on different cytokines, COX and other biomarkers 

during inflammatory arthritis has already been discussed in the section 2.5. Different ELISA 
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and real time PCR-based techniques have been used to explore the role of herbal extracts in 

the adjuvant induced arthritic animal models. Moringa rivae extract has shown down-

regulation of TNF-α and prostaglandin E2 level at protein level assessment through ELISA 

(Saleem et al., 2019). The up-regulation of pro-inflammatory cytokines, Cox-2 and other 

related genes like MCP-1, VEGF during the inflammatory arthritic condition has been 

investigated and explored by different researchers in Wistar rat models (Paquet et al., 2012). 

Extracts of the plants like Fekugreek (Trigonella foenum graecum) (Suresh et al., 2012), 

Xanthium strumarium (Lin et al., 2014), Trachyspermum ammi (Korani and Jamshidi, 2020), 

Withania somnifera (Khan et al., 2019), Piptadeniastrum africanum (Mbiantcha et al., 2017), 

Moringa rivae leaf (Saleem et al., 2019), etc has successfully down-regulated arrays of pro-

inflammatory cytokines and biomarkers including Cox-2 in the model animal systems.   

 

 In this study, our result shows that the Aloe vera gel homogenate regulates TNF-α 

cytokine expression in experimental animals, thereby regulating the progression of 

inflammatory arthritis (Fig. 4.15 and 4.16). The regulation of gene expression is found to be 

in a dose-dependent manner, which is true for all the plant extracts.  We previously discussed 

the possibility of Cox-2 inhibition by Aloe vera gel constituents through the results obtained 

from in silico docking (Fig. 4.6) and in vivo anti-inflammatory studies. Now it is evident that 

the gene expression of Cox-2 is interrupted by the Aloe vera gel constituents when fed orally 

in inflammatory arthritic conditions. Hence, the Cox-2 inhibition seems to be a very effective 

mode of action for the anti-inflammatory property of this plant. 
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4.5. COMPREHENSIVE DISCUSSION 

 The Aloe vera gel is a commonly used plant both as a food and as a traditional 

medicinal remedy (Ahlawat and Khatkar, 2011). The plant leaf gel is cooked or extracted 

into food products or consumed directly. In the ethnic consumption practices, the Aloe vera 

gel is generally consumed afresh and generally, mixture or extraction of the gel in alcoholic 

or other solvents is not well documented in ethnic practices. The present study, hence, was 

concentrated on the aqueous homogenized Aloe vera gel. A large amount of literature and 

evidences regarding the food use of this plant gives rise to a strong statement that the plant 

does not usually contain any strong toxic effect in the human body. Depending on these 

available information, the experimental plant sample preparation and dose-limit was 

designed. As discussed in the sections 2.3.4 and 3.2.2.1 of this dissertation, in ethnobotany 

and in Ayurveda, there are sufficient evidence regarding the usage of the plant gel in either 

crude unprocessed condition or in extracted condition ethnically (Morton 1961, Shedoeva et 

al., 2019). This process has been noted during the preparation of the plant gel and the gel has 

been used in a crude unprocessed form which is directly homogenized in distilled water. In 

ethnic practices, the gel of this plant is either used topically or it is orally consumed freshly 

after collection without any extraction or processing. 

 In the present work, the gel was prepared fleshly everyday and no preservation 

process has been adopted. Along with that, the detailed study of the Aloe vera gel regarding 

its toxic effects has been done in this thesis. These findings serve as the basis for 

toxicological classification of Aloe vera gel. Acute toxicity tests determine the lethality value 

and indicate the maximum dose for the survival of test animals (Raza et al., 2002). We 

determined that the orally fed highest dose of Aloe vera gel (5 g/kg b.w.) neither initiated any 

lethality nor showed harmful effects in experimental animals (Table 4.1). No obvious 

behavioral abnormalities were seen including body fur irritation, diarrhea or salivation. The 

Aloe-gel was therefore considered to be non-toxic and safe up to the dose of 5 g/kg b.w. and 

the lethality value was concluded as “unclassified” up to the feeding range as per guideline. 

On the other hand, sub-chronic toxicity study is widely used tool to assess the harmful effects 

associated with long-term repeated exposure of the animals to a compound, drug or 

formulation and provides detailed information about the organ-based toxicity (National 
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Toxicology Program, 2001). The oral consumption of Aloe vera gel for a period of 28 days 

did not initiate any sickness symptoms or death issues, did not alter the body weight of the 

gel fed rats (Fig. 4.1). The histological (Fig. 4.2), serum enzymatic and biochemical 

parameters (Fig. 4.3) also remained unaltered. The orally consumable doses of Aloe vera gel 

to be used for extended period of time (28 days for anti-inflammatory and anti-arthritic tests) 

were determined following the OECD guidelines (OECD 407, adopted on October 3, 2008). 

The selection of orally consumable doses of Aloe vera gel and its preparation was justified 

considering the background studies.  

 The extensive experimentation leading to the exploration of the toxic properties of 

Aloe vera gel provided enough evidences to conclude that the Aloe gel homogenate had no 

harmful side effects in the model system and thus in human body. The in silico, in vitro and 

in vivo toxicological approaches have led to the usage of the plant gel homogenate as an anti-

inflammatory and anti-arthritic remedy. From the in vitro and in vivo anti-inflammatory tests, 

it was evident that the plant gel has substantial role in the amelioration of inflammation by 

stabilizing lysosomal membrane lysis (Fig. 4.8), by inhibiting protein denaturation (Fig. 4.8) 

and by inhibiting cyclooxygenases (Cox) expression as well (Figs. 4.6; 4.15). The NSAID-

like role of the plant homogenate by hindering Cox activity (Selvam and Jachak, 2004) is 

supported by the current work as the model inflammatory arthritic animals showed down-

regulation of Cox-2 gene expression experimentally, when orally treated with Aloe vera gel 

(Figs. 4.15; 4.16). As one of the most important cytokines, TNF-α plays a major role in the 

inflammatory conditions (section 2.2.4). As seen from the real time PCR-based gene 

expression studies in inflammatory models, it was postulated that there is a high chance of 

interaction between the plant gel phyto-constituents and prime cytokine like TNF-α genes 

(Figs. 4.15 and 4.16) resulting in the down-regulating the elevated expression of TNF-α in 

inflamed condition.  

 The rich medicinal properties of this plant have been used to cure diabetes in 

experimental animals (Luka and Tijjani, 2013), as an would healer (Davis et al., 1994), as a 

skin medication (Surjushe et al., 2008), and in inflammatory diseases. The Aloe vera gel has 

Aloe-emodin (anthraquinone), acemannan (mesoglycan) and many more bioactive 

compounds as its major constituent (Kshirsagar et al., 2014; Shedoeva et al., 2019). In the 

present work, the report on the ameliorative role of unprocessed Aloe vera gel homogenate in 
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the regulation of inflammatory and arthritic symptoms in experimental rats has been explored 

and discussed. The paw-circumference, serum biochemical parameters and blood profile of 

the inflammatory arthritic rats were brought back to normal levels after oral feeding of the 

plant gel homogenate (Figs. 4.11 to 4.14). The study also shows that the Aloe vera gel 

homogenate concomitantly down-regulates both TNF-α and Cox-2 in the experimental 

animal groups (Fig. 4.16). 

 This report can be considered as a baseline data describing the efficacy of crude 

unprocessed plant product against the inflammatory arthritis. The crude unprocessed 

homogenized form of Aloe vera leaf gel has been orally administered, a method which is in 

traditional use by different ethnic communities of Egypt, Rome, Africa and Asia (Shedoeva 

et al., 2019). By using unprocessed Aloe vera gel, we presume, the natural constituents of the 

gel were restored in its natural proportion and thus natural synergistic role of the gel had been 

monitored. The Aloe vera gel looks like a promising complementary medication against 

inflammation and associated pain in chronic inflammatory conditions such as in RA. 
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 The role of Aloe vera gel to ameliorate different disease conditions including inflammation is 

well known in ethnic practices. However, the efficacy of naturally harvested unprocessed 

crude Aloe vera gel was not explored in detail in the inflammatory animal model-based 

studies. The present study extensively explores the efficacy of crude unprocessed freshly 

harvested orally consumable Aloe vera gel in different in vitro and in vivo models of 

inflammation and in the inflammatory arthritic animals. 

 

 Along with the anti-inflammatory and anti-arthritic experiments, the toxicological properties 

of the orally consumable Aloe vera gel were also assessed. It has been found that the orally 

consumable doses of Aloe vera gel up to 5g/kg b.w. showed no toxic effects in model animals 

during acute toxicity test. Aloe vera gel of 4g/kg b.w has been safely administrated in model 

animals for 28 days during the sub-chronic toxicity study on a daily basis and was assessed as 

a safe amount of dose for the oral consumption for an extended period of time. The orally 

consumable doses of fresh Aloe vera gel for the anti-inflammatory studies were determined 

considering 25g and 50g (Low dose and High dose respectively) of plant gel were ideal for a 

person of 60 kg b.w. following the findings of toxicological experiments. The gel was 

prepared as aqueous homogenate and was prepared freshly every day before its use following 

harvesting and without any processing. 

 

 In the in vitro anti-inflammatory tests, the experimental doses of Aloe vera gel (1000 µg/ml) 

showed potent lysosomal membrane stabilization against hypotonicity and heat; also inhibited 

the protein denaturation. In the in vivo anti-inflammatory tests, the orally consumable doses of 

Aloe vera gel efficiently inhibited carrageenan-induced paw swelling and reduced the 

granuloma formation following sub-cutaeneous cotton pellet insertion in model animals. 

 

 In the FCA-induced inflammatory arthritic rat models, the orally fed experimental doses of 

Aloe-gel ameliorated the arthritic swelling, improved the arthritic joint structure; 

hematological alterations like haemoglobin concentration, RBC and WBC counts were 

brought back to normal levels and serum biochemical properties, including total protein, total 

albumin, ceruloplasmin, creatinine, were restored following a 28 day-long treatment. 
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 When the gene expression of TNF-α and Cox-2 were observed in the FCA-induced arthritic 

animal models on 28
th

 day following arthritis induction, it was observed that the expression of 

both the genes were down-regulated in the blood of the arthritic animals when fed with Aloe 

vera gel on a daily basis. The up-regulation of these genes in the arthritic animals are the key 

factors for the progression of inflammation. 

 

 

 The use of the Aloe vera gel in its crude form is hence proved effective in inflammation and 

inflammatory disease conditions. The exploration of the gel constituents could open new 

opportunities for the discovery of novel drug-like compounds against inflammation. As a 

complementary medication, the Aloe vera gel seems to be a potent herbal agent and can 

contribute to the wellness of the patients suffering from inflammatory disease conditions 

especially inflammatory arthritic conditions. 
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ABSTRACT 

Objectives: Current clinical treatment regimes for inflammatory diseases have different drawbacks including side effects of the drugs and the high 
cost of long term treatment. In the last few decades different promising herbal medicines have been explored for their anti-inflammatory and anti-
rheumatic effects, but conclusive evidences are not available in the case of crude Aloe vera gel for its anti-inflammatory effects. The objective of the 
study was to document the protective and curative roles of orally administered and peritoneally injected crude wild Aloe vera gel in carrageenan-
induced inflammation in a rat model. 

Methods: Inflammation was induced by injecting 1% carrageenan in the left hind paw of Wistar albino rat. Crude, unprocessed Aloe vera gel was 
peritoneally injected and orally fed to experimental and control rat groups to investigate its effect on paw joint edema by measuring the paw 
circumference with vernier caliper. MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] cell viability assay was performed to 
investigate the cytotoxic effect of the gel. 

Results: Paw edema was brought to near normal levels in the experimental groups after the treatment with crude Aloe vera gel. Orally fed gel 
showed no cytotoxicity on macrophages and spleenocytes. Protective property of crude Aloe gel was also evident in both the experiments. 

Conclusion: Aloe vera crude gel has both protective and curative properties against inflammation. 

Keywords: Aloe vera, Carrageenan, Indomethacin, Medicinal plant, Paw edema, Pharmacology. 

 

INTRODUCTION 

Carrageenan induced inflammatory rat model is a standard model 
system for experimentation on acute inflammatory conditions. 
Generally non-steroidal anti-inflammatory drugs (NSAIDs), steroidal 
drugs, and immuno-suppressive drugs used in the relief of 
inflammatory diseases worldwide are often associated with severe 
adverse side effects like peptic ulcer and gastrointestinal bleeding 
[1]. In traditional medicine and Ayurveda, many plant products are 
used as anti-inflammatory agents to cure the inflammatory pain and 
swelling which still lack a proper screening process. In the northern 
region of West Bengal, traditional Ayurveda practice uses Aloe vera 
as a potent anti-inflammatory agent. The gel-like layer under the leaf 
of the plant, actually the parenchyma cells, is traditionally known to 
decrease inflammatory pains. Aloe vera (Family Xanthorrhoeaceae) 
is a stem-less or short-stemmed succulent plant growing upto 60–
100 cm (24–39 in) tall, spreading by offsets. The leaves are thick and 
fleshy, green to grey-green, with some varieties showing white 
flecks on their upper and lower stem surfaces. The margin of the leaf 
is serrated and has small white teeth. The flowers are produced in 
summer on a spike up [2]. Aloe vera contains different 
phytochemical agents which are able to cure different disease 
symptoms [3]. The plant is used widely in dermal diseases and is a 
good laxative agent [4]. It also represents compounds responsible 
for anti diabetic [5], anti-oxidant [6], antimicrobial [7] and wound 
healing activities [8]. However, the experiment-based proof is still 
lacking regarding the anti-inflammatory properties of the crude 
unprocessed gel of this plant. Our study was aimed to evaluate the anti-
inflammatory properties of different doses of aqueous crude extract of 
Aloe vera leaf gel to give a scientific base to the traditional claim. 

Collection of Plant Specimens 

MATERIALS AND METHODS 

Wild Aloe vera (Class Magnoliopsida, Order Asparagales, Family 
Xanthorrhoeaceae) plants were collected from the sub-Himalayan 

Terai areas of northern West Bengal and were identified by Prof. A. 
P. Das, plant taxonomist in the Department of Botany, University of 
North Bengal [Accession no. 09884 (NBU)].  

Preparation of Extract 

Crude gel was collected by peeling out the outer cuticle and cutting 
out the gel aseptically into small pieces. The gel was weighed, mixed 
with distilled water (1:5 w/v) and then homogenized to create a 
homogenate. The sample was freshly prepared every time before 
use. It contained all the ingredients of the crude gel in the same 
proportion as it appears in the leaf. To know the dry weight of the 
gel (weight without water parts), each piece was dried separately in 
an air oven at 37°C for 48 hours and was then weighed.  

Chemicals 

Carrageenan was purchased from Hi-Media Laboratories Pvt. Ltd., 
(Mumbai, India). Indometacin or Indomethacin (Jagsonpal 
Pharmaceutical Ltd., New Delhi, India), the non-steroidal anti-
inflammatory drug was purchased from local drug suppliers and 
used as the control drug of inflammation. RPMI-1640, fetal bovine 
serum (FBS), antibiotics and EZcountTM

Experimental design 

 MTT assay kits were 
procured from HiMedia Laboratories Pvt. Ltd. (Mumbai, India). 

Studies were carried out using Wistar albino rats of either sex 
weighing 60 ± 15 g. They were maintained in the animal house of the 
Department of Zoology, University of North Bengal. The animals 
were clustered in six groups; each contained six rats for anti-
inflammatory activity study (PC, NC, 125D, 250D, STDG, and PROG). 
Rats were maintained under standard laboratory conditions 
(temperature 25 ± 2°C) with normal daily cycle (12/12h). The rats 
were acclimatized to laboratory condition for 10 days before 
commencement of experiments. The study was approved by the 
Institutional Animal Ethical Committee (IAEC) of CPCSEA 
(Committee for the Purpose of Control and Supervision of 
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Experiments on Animals) of University of North Bengal, West 
Bengal, India. PC refers to Positive Control i. e. Normal rats, NC 
refers to Negative Control where inflammation was induced by 1% 
carrageenan but no treatment was done. In the anti-inflammatory 
test, the group 125D represents the group injected with 1% 
carrageenan and treated orally with 125 µl aqueous extract of A. 
vera corresponding to approximately 25 gm wet gel/kg body weight 
(20 mg dry weight/kg body weight), 250D represents 1% 
carrageenan injected rat treated with 250 µl aqueous extract of Aloe 
vera gel orally corresponding to approximately 50 gm wet gel/kg 
body weight (40 mg dry weight/kg body weight). PROG or 
protection group was treated with A. vera 125 µl doses orally once a 
day for 7 days prior from the day of injection. STDG or Standard 
group represents carrageenan-induced inflammatory rats treated 
with 60 µl of 10mg/ml Indomethacin dose equivalent to 10mg/kg b. 
w., known to be a standard drug of inflammatory conditions [9]. 

Determination of the cytotoxic effect of the extract on peritoneal 
macrophages and spleenocytes were performed by MTT assay. Same 
amounts of crude gel, present in the 125 µl and 250 µl homogenized 
solution of 1 gm/5 ml (w/v) in dH2O were applied to experimental 
rat groups for MTT assay and designated as dose groups M1 and M2 
respectively. M1 contained 32.4 mg of wet gel homogenate 
(corresponding to 125 µl aqueous homogenate) and M2 contained 
64.8 mg of wet gel homogenate (corresponding to 250 µl aqueous 
homogenate), each prepared in 50 µl of dH2O. The PROG group rats 
were tested for the protective activity of the gel when fed orally 125 
µl of gel solution (corresponding to 1 gm/5 ml in dH2

The anti-inflammatory activities of the aqueous extracts were 
determined using the methods described by others [10, 11, 12]. In 
125D, 250D and STDG dose groups, the extracts were injected 
peritoneally 30 min prior to induction of oedema by administering 

0.1 ml of 1% w/v carrageenan in the sub-plantar region of rat left 
hind paw. Protection group (PROG) received carrageenan injection 
30 minutes after the oral feeding of Aloe vera on the experimental 
day. The degree of paw circumference of all the groups was 
measured (in millimeters) using  a vernier calliper after 30, 90, 150, 
210 minutes (0.5h, 1.5h, 2.5h, 3.5 h) of carrageenan injection. The 
Percentage of Inhibition (PI) was calculated using the following 
equation: PI (%) = [(V

O) 
continuously for 7 days prior to the experiment. No gel was further 
used in the culture medium for this group directly. A control group 
with untreated cells (C) was included to compare the data of the test 
and protection groups. 

The doses of A. vera gel was calculated on the basis of the optimum 
dose taken by human, which is 50 grams per day for 60kg body 
weight.  

Carrageenan induced paw edema 

t – V0) Negative Control - (Vt – V0) Treatment 
Group / (Vt – V0) Negative Control] X 100, where Vt = final reading 
of paw circumference, V0 = Initial reading of paw circumference 
[13].  

MTT cytotoxicity assay 

Rats were sacrificed under proper anesthesia and spleens were 
collected. Macrophages were collected from the peritoneal exudates 
by flushing the region with cold RPMI-1640. Cell suspensions were 
prepared at a concentration of 2 X 106

It is evident from the graphical presentation that indomethacin 
showed the best PI of 92.7% after 3.5 hours (210 min) of 
carrageenan injection,. Treatment groups 125D and 250D also 
effectively repressed paw swellings by 58.69% and 74.09% 
respectively. The PROG group also showed a substantial effect by 
reducing paw swelling by 82.6% which was even better than the 
125D and 250D dose groups (Table 1 and Figure 1). 

 cells/ml following kit 
manufacturer’s instructions. One hundred microlitre (100 µl) cell 
suspension was added to 12 µl of nutrient supplement containing 50 
U/ml penicillin, 50 U/ml streptomycin, 50U/ml nystatin and 10% 
FBS. In 96 well plates, all four groups were columned with 6 
replicates. Fifty microlitre (50 µl) of Aloe extract was added in each 
well along with 112 µl of such suspension and 10 µl of MTT, and 
then incubated for 4 hours. Absorbance was measured at 570 nm 
using BioRad I Mark microplate reader, BioRad, USA [14], [15]. 

Statistical Analysis 

All statistical analyses were done using the softwares MS-Excel and 
Kyplot ver 2.0 beta. In Kyplot analysis, the data represented Mean ± 
S. E. M which was analyzed by one way ANOVA. The results were 
considered significant when p<= 0.05. 

RESULTS 

 

Table 1: Table showing paw circumference (mm) of different groups at different time intervals (h). All data represent Mean

Groups 

 ± S. D 
Percentage of inhibition (PI) is mentioned in the brackets. 

0 h 0.5 h 1.5 h 2.5 h 3.5 h 
Positive Control 
(PC) 

32.35±0.114 32.73±0.275 32.34±0.232 32.33±0.270 32.33±0.173 

Negative Control  
(NC) 

32.36± 0.709 37.94±0.344 38.82±0.553 38.22±0.448 38.15±0.287 

Standard Group (STDG) 32.06±0.697 36.37±1.00 35.03±0.239 33.19±0.681 32.46±0.540 
(92.7%) 

Protection Group (PROG) 32.15±0.430 34.85±0.718 33.62±0.534 33.52±0.726 33.11±0.558 
(82.6 %) 

125 µL dose Group (125D) 31.77±0.923 35.36±0.779 35.38±0.637 34.51±0.785 34.05±0.711 
(58.69%)  

250 µL dose Group (250D) 31.93±0.776 37.74±0.315 36.48±0.369 34.79±0.645 33.36±0.774 
(74.09%) 

 

In the MTT assay, both peritoneal macrophage and spleenocyte cultures 
of M2 groups showed higher cell cytotoxicity than that of the M1 groups. 
Here again, the PROG group showed the best result with no cytotoxicity 
or some protective properties (Figure 2, A and B respectively). 

DISCUSSION 

Carrageenan-induced paw edema is an established model for in vivo 
study of anti-inflammatory activities. The early phase of carrageenan 
induction is mediated by the histamines and serotonins; the 
surrounding damaged tissues also showed an increased 
prostaglandin synthesis [9]. The later stage is mediated by 
bradykinins, polymorphonuclear cells and macrophage-secreted 
prostaglandins [9]. Prostaglandins elevate the temperature of paw 

and causes inflammation and pain. NSAID drugs like aspirin, 
ibuprofen or indomethacin inhibits the enzyme prostaglandin H2 

Polysaccharides between 5- and 400-kDa were found to exhibit the 
most potent macrophage-activating activity, as determined by 
increased cytokine production, nitric oxide (NO) release, expression 
of surface markers, and phagocytic activities. Talmadge et al (2004) 
purified a high-molecular-weight fraction of A. vera and showed the 
increased haematological and the hematopoietic activity compared 
to the gel starting material [16]. 

synthase (also known as cycloxygenase or COX) which catalyzes an 
early step of prostaglandin synthesis. There are evidences that high 
polysaccharides and anthroquinones present in A. vera can act as a 
pro-oxidant and pro-inflammatory product.  
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Fig. 1: Graphical presentation of paw circumference (mm) with 
respect to time in different rat groups. * showing the level of 

significance. *** refers to most significant value. 

 

 

Fig. 2: Peritoneal macrophage (A) and spleenocyte (B) MTT 
assay of different dose groups. M1 and M2 represent 125 and 

250 µl of Aloe dose equivalents. 

We have recorded an increased level of inflammatory responses at 
the beginning of anti-inflammatory test (0.5 h interval) in the high 
dose group (250D). The high concentration of anthroquinones, like 
aloe-emodin and high amount of polysaccharides present in the 
crude Aloe-gel may be responsible for the flaring up of immune 
system in case of 250D groups [3] (see Figure 1). It appears that a 
synergistic role is played by the polysaccharides and anthroquinone 
derivatives that may be instrumental in the initial trigger of the 
immune response which then subsequently inhibits prostaglandin 
synthesis as the concentration goes down. A sharp decline of paw 
circumference during 0.5 to 3.5 h period in the 250D group supports 
the hypothesis. On the other hand, a lower amount of injected 
polysaccharides and anthroquinone in the 125D group do not induce 
such flaring up of immune system but protects the initial swelling 
and subsequently act significantly in decreasing the inflammatory 
symptoms in the experimental rats. 

MTT cell viability tests were performed to investigate the cytotoxic 
effects of Aloe crude gel on peritoneal macrophages and 
spleenocytes collected from the experimental groups. In the MTT 
assay, it is evident that addition of higher dose of plant extract 
increased the death rate of the cells. The exact reason behind it is to 
be studied in detail to elucidate the molecular pathways of such 
cytotoxicity. However interestingly, we have observed that the 
animals (PROG group) that were fed orally before the experiment 
showed no toxic effects in the culture, rather the Aloe-gel showed 
some protective property on spleenocytes (Figure 2B). This finding 
confirms that the gel in low dose may act in a synergistic way by 
maintaining the normal immune status in one hand and by 
suppressing the inflammatory activity on the other hand. Therefore, 
our results suggest that the initial immunostimulatory activity of the 
gel is probably due to the presence of polysaccharides like 
acemannan, which can initiate macrophage activation and 
subsequently cytokine production when the gel is in high amount 
[17]. The later inhibitory effect of the aqueous extracts of A. vera on 

scarrageenan-induced paw edema may occur due to the suppression 
of the release of mediators including histamine, serotonin, 
bradykinin and prostaglandins that are responsible for the first and 
the second phase of acute inflammation by other bioactive 
compounds present in the gel, especially when the gel is present in 
low dose. The inhibitory effect of Aloe vera extract on carrageenan-
induced inflammation could also be mediated via inhibition of 
cyclooxygenases (COX) [18]. 

Phytochemical analysis of Aloe vera has revealed the presence of 
flavonoids, anthraquinones, saponins. Saponins and flavonoids have 
previously been reported to have anti-inflammatory activities [3]. 
Such compounds may be responsible in part for the described anti-
inflammatory activity of A. vera extract. However, a high dose of A. 
vera may elicit a different role in organism’s body by inducing some 
serious inflammatory and pro-oxidant response as evidenced in the 
MTT assay. Low dose of the plant gel is suggested to be better for 
consumption; however the dosage has to be standardized 
accordingly for application in human. 

CONCLUSIONS 

Our data documents that Aloe vera crude unprocessed gel can 
reduce the inflammatory pain very efficiently if consumed daily. 
However, high dose may have some cytotoxic activity. It is also 
suggested that the consumption of low dose of A. vera orally in a 
regular fashion is better in case of human as repeated peritoneal 
injection may become inhuman or unethical. 

The authors declare no conflict of interest in the outcome of the 
study. 
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ABSTRACT 

Incidences of arthritic diseases in human have seen recent increases which are thought to have resulted from a complex interplay of several factors, such 
as changes in lifestyle, nutritional insufficiencies, aging and genetic factors. These putative factors possibly lead to different arthritic diseases in humans 
affecting 2-5% of the total population in India. This group of diseases results in serious malfunction and structural abnormalities in the patient body 
leading to permanent and substantial immovability of joints. Conventional medicinal systems usually elicit various side effects in which the defence 
mechanism of the body i.e. the immune system is compromised. In the last few decades many alternative medicinal systems have been developed that 
show promising effects on treating such diseases. Many purified compounds from natural origin, both from plants and animal sources have shown 
promise and many new compounds are continuingly being identified which have no marked side effects. In the light of modern science and technology, 
different natural products and ethnic practices that ensure health, seem to be the best weapon to combat these diseases. Endemic as well as naturalized 
plants from India have been screened by several groups for their anti-arthritic activities. The review summarizes our current knowledge on the 
molecular basis of Rheumatoid Arthritis and discusses the efficacious roles of those natural products, especially of plant origin, in arthritic conditions.  

Keywords: Rheumatoid arthritis, Medicinal plant. 

 

INTRODUCTION 

Rheumatoid arthritis (RA) is an autoimmune disease that results in a 
chronic, systemic inflammatory disorder affecting principally the flexible 
(synovial) joints and sometimes adjacent tissues and organs. In severe 
condition of the disease, if kept untreated, it may result in a disabling 
and painful condition, which can lead to substantial loss of function and 
mobility. This debilitating disease is prevalent in all over the world 
including in Indian population. Considering common symptoms, there is 
no strong difference between symptoms of RA and other joint arthritic 
diseases like gout, osteoarthritis or ankylosing spondylytis, so there lays 
a great difficulty in treatment. Early theories on the RA pathogenesis 
focused on autoantibodies and immune complexes [1]. But recent 
reviews focus on autoantibodies as well as T-cell mediated antibody 
responses and T-cell independent cytokine networks [1]. Cytokines are 
now regarded as the very important regulating factors in rheumatoid 
arthritis. Studies from cytokine network interruption by anti-TNF-α 
antibody have shown positive results in collagen-induced arthritic rat 
models [2]. Cytokines are also responsible for the bone destruction near 
the synovial joint where Cytokines like IL-1, IL-17 have been shown to be 
responsible for matrix destruction [3]. Till now, no specific drug is 
available for treating RA. Presently few immunosuppressive drugs like 
glucocorticoids are found to be effective to suppress the disease 
expression and inflammation of the synovial joint, which are 
disadvantageous due to their side effects [4]. 

Ayurveda or ayurvedic medicinal system, a system of traditional 
medicine native to India, is a form of complementary alternative 

medicine that generally depends on different plants and plant-
derived products. However, the science underlying the working 
principle of such herbal products are not revealed in most cases and 
they face a problem of improper clinical trials. Many common Indian 
plants are being studied in different laboratories for their anti-
arthritic and anti-inflammatory properties, which include Green tea 
(Camellia sinensis), Ashoka (Saraca asoca), Tulsi (Ocimum sanctum), 
Devdaru (Cedrus deodara) and many others. Few plants have been 
found to be effective in reducing inflammation and arthritic swelling. 
Several other plants or plant products are also being explored for 
their efficacy. Cytokine gene regulation, cellular signalling 
mechanism and mechanism of bone destruction are being 
extensively studied for that purpose. 

Classification criteria are needed in population studies to establish 
the epidemiology of the disease, to define entry criteria for clinical 
trials, to evaluate whether individuals have the specific disease, and 
to train medical students. The methodology of development of 
classification criteria has gradually been refined over the last 50 
years or so. According to American College of Rheumatology (ACR) 
criteria (1987) a total of 41 rheumatologists from university and 
private practice were asked to provide details of patients aged 16 
years and older whom they considered to have RA and of the next 
consecutive patients who did not have RA or a localized rheumatic 
condition [5]. Based on those details, the following table (table 1) 
presents the classification criteria for arthritic diseases: 

  

Table 1: Classification criteria for arthritic diseases according to the American College of Rheumatology (ACR) criteria, proposed in 1987 [5] 

Types Description 
1. Morning stiffness Morning stiffness in and around the joints, lasting at least for 1 hour before maximal improvement. 
2. Arthritis in three or 

more joint areas 
Soft tissue swelling or fluid (not bony overgrowth) observed by a physician, present simultaneously for at least 6 
weeks. 

3. Arthritis of hand joints Swelling of wrist MCP or PIP for at least 6 weeks. 
4. Symmetrical arthritis Simultaneous involvement of the same joint areas (defined in 2) on both sides of the body (bilateral involvement of 

PIPs, MCPs, or MTPs is acceptable without absolute symmetry for at least 6 weeks. 
5. Rheumatoid nodules Subcutaneous nodules over bony prominences, or extensor surfaces, or in juxta-articular regions, observed by a 

physician. 
6. Rheumatoid factor Detected by a method positive in less than 5% normal controls. 
7. Radiographic changes Typical of RA on postero-anterior hand and wrist radiographs which must include erosions or unequivocal bony 

decalcification localized to or most marked adjacent to the involved joints (osteoarthritis changes alone do not qualify). 
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Rheumatoid arthritis is defined by the presence of four out of the 
seven criteria (table 1) that were developed by the American College 
of Rheumatology (ACR) in 1987 [5]. Symptoms can vary greatly 
depending on the type of arthritis and the individual concerned. In 
the most common forms, joints of the knees, fingers, wrists, ankles, 
hips, and/or elbows become stiff, swollen, tender, and painful. This 
pain can be greater in the morning, or get worse as the day goes on. 
Often fatigue occurs and is sometimes accompanied by a sleep 
disorder. Painless lumps under the skin, called rheumatoid nodules, 
can be felt in RA. In juvenile rheumatoid arthritis, fever, rash, and 
anaemia occur. The symptoms can also be cyclical that appear, 
disappear and reappear with time, where reappearance is often 
termed “flare up” phase. This chronic pain ranges from mild to 
severe and can last for the lifetime.  

As it is an autoimmune disease, genetic factors are predisposed in 
person to initiate the disease. For instance, in some people with RA, 
some specific alleles of HLA genes that affect the immune system are 
found in high frequency. Along with that, lifestyle also plays an 
important role in developing RA. The onset of symptoms can occur 
at a wide range of ages spanning from youth to the elderly although 
most forms become more common with ages. Older people can get 
arthritis because of general wear and tear on joints, as well as a 
direct effect of previous injuries like injuries related to sports. 
Likewise, obesity can also increase stress to joints and can, 
therefore, contribute to arthritis. RA is more prevalent in women, 
while other types of arthritic diseases, like gout, occur more 
frequently in men, therefore there seems to exist a role of hormones 
of the affected individual in eliciting the disease.  

Epidemiology of rheumatoid arthritis 

The rheumatoid arthritic disease affects 0.5–1% of the population in 
the industrialized world and commonly leads to significant disability 
and quality of life is consequently reduced [6]. It is 2 to 3 times more 
frequent in women than in men and can start at any age, with a peak 
incidence between the fourth and sixth decade of life. Its prevalence 
in India ranges from 0.28% in the urban population to 0.55% in the 
rural population as per the survey done [7] but the actual incidence 
range may vary from 2-5% in the country. 

Pathogenesis of rheumatoid arthritis 

RA is regarded as an autoimmune disease. The disease has some strong 
association with several types of auto-antibodies like rheumatoid factor 
(RF), anti-perinuclear factor (APF) and anti-keratin antibodies (AKA), 
anti-collagen antibodies, antibodies to nuclear antigens such as Epstein-
Barr nuclear antigen and RA33, anti-Sa, and anti-p68 antibodies [4]. 
Most of these antibodies react/interact with citrullinated proteins [8]. 
But it is still unknown whether such autoantigens initiate the T-cell 
activation cascade from the very beginning by any signalling pathway to 
form inflammatory changes, or contribute to the disease at a later stage 
to boost and/or perpetuate the disease. 

RA has a polygenic basis and 31 risk loci have been identified. The 
presence of some of those loci in different combinations increases 
the chance of the disease by several folds [9]. In such genetically 
predisposed individuals the innate immune response is possibly 
activated by events such as the triggering of dendritic cells (DCs) 
through TLRs (several of which are known to be expressed on 
synovial cells) by exogenous material or by a combination of foreign 
stimuli together with autologous antigens [1, 10, 11]. Synovial 
dendritic cells activated by TLR ligands can migrate to lymph nodes 
where primed T-cells can be biased towards the TH1 phenotype. The 
synovial membrane is infiltrated by T-cells, which produce IL-2 and 
IFN-γ. So the T-cell response attains a TH1 bias. Further, TH17 cells 
may be an important effect or T-cell subset in RA [12]. These T-cells 
activate monocytes, macrophages and synovial fibroblasts through 
cell–cell contact and activation by different cytokines, such as IFN-γ, 
TNF-α and IL-17 [13, 14]. These immune cells then overproduce 
pro-inflammatory cytokines — mainly TNF-α, IL-1 and IL-6 — which 
seem to constitute the pivotal event leading to chronic inflammation. 

Many other cytokines and chemokines are involved in RA progression, 
including IL-15, IL-18 and angiogenic factors. These molecules, after 
binding to their specific receptors, can regulate various signal 

transduction cascades, such as the MAPK, nuclear factor-κB (NF-κB) or 
Jak/STAT pathways, which ultimately lead to the activation/inhibition 
of transcription factors or subsequent induction of genes responsible 
for mediation of inflammation and tissue degradation. Among these 
products are various cytokines, chemokines and tissue-degrading 
enzymes, such as the matrix metalloproteinases (MMPs), cell-surface 
molecules that enhance cell activation and cell–cell interactions, such 
as co-stimulatory and adhesion molecules like selectins, integrins, that 
are involved in inflammatory pathways creating important 
intercellular interactions pivotal in the inflammatory responses. Apart 
from the inflammatory infiltration in the peri-vascular and sublining 
regions of joints, the lining layer consisting of synoviocytes become 
hyperplastic, and transforms into an aggressive tissue at the cartilage–
bone junction, the ‘pannus’, which contains osteoclasts which is 
responsible for major bone degradation. While degradation of 
cartilage is mainly mediated by a plethora of metalloproteinases 
present in the joint, bone destruction is mediated by the generation 
and activation of osteoclasts, an event that apparently does not occur 
in non-destructive arthritis [15, 16]. The role of B-cells and 
autoantibodies, and/or immune complexes may be important in the 
propagation and enhancement of the inflammatory process. B-cells 
function as effective antigen presenting cells and also produce the 
autoantibodies against RF citrullinated proteins [17]. A schematic 
presentation of the events taking place during RA is shown in the fig. 1. 

A growing body of evidence indicates the possible role of highly 
reactive products of oxygen and nitrogen, termed as free radicals, in 
the pathogenesis of RA as well as other degenerative diseases [18]. 
Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are 
produced endogenously during aerobic metabolism at the sites of 
chronic inflammation. ROS such as superoxide radical, hydroxyl 
radical and hypochlorous acid contribute significantly to tissue injury 
in RA. In addition, activated leukocytes also produce ROS. Superoxide 
radicals and hydrogen peroxide do not directly damage the majority of 
biomolecules, but they are converted into the highly reactive hydroxyl 
radicals, which react with almost all molecules in living cells. ROS can 
directly or indirectly damage basic articular constituents and lead to 
the clinical expression of the inflammatory arthritis. Synovial cavity 
damage correlates with fluctuating oxygen pressure in the joint, over 
production of ROS, lack of oxygen-processing enzymes and free 
radical-scavenging molecules has been reported in RA. Oxidative 
stress exacerbates inflammation and worsens joint tissue. 
 

 

Fig. 1: Diagrammatic representation of the events of disease 
progression in RA 
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The normal equilibrium between ROS production and anti-oxidant 
system of the cell is disturbed due to oxidative stress, thus resulting 
in the damage to vital cell components such as proteins, DNA and 
membrane lipids. There are several studies demonstrating increased 
levels of malondialdehyde and decrease in the activities of catalase 
in RA patients. Similarly, glutathione reductase activities also get 
disturbed in the synovial fluid of patients. Moreover, the levels of 
thioredoxine, which is a marker of oxidative stress, are significantly 
higher in the synovial fluid of RA patients. Production of nitric oxide 
(NO) is also up regulated in arthritic tissue [18].  

Genetic basis of rheumatoid arthritis 

MHC and Rheumatoid arthritis 

An extensive study of human genetics has been done to identify 
regions of the genome that are reproducibly associated with RA risk. 
Based on genetic information, from a large number of patients, the 
HLA-DRB1 “shared epitope” alleles were first to be recognized in the 
late 1970’s, followed by the discovery of PTPN22 in 2004. In 2007, 
other three new loci have been identified (STAT4, TRAF1-C5, and 
6q23). Several other loci are showing promise, but the involvement of 
these loci with RA is not confirmed yet (CD40, CTLA4, and PADI4) [19].  

The human leukocyte antigen (HLA) region remains one of the most 
powerful disease risk genes in different autoimmune diseases 
including RA. Several allelic variants of HLA-DRB1 genes have been 
associated with RA which supports a role for T-cell receptor-HLA-
antigen to interact in the process. Disease-associated HLA-DRB1 
alleles are polymorphic and certain allelic variants are preferentially 
high in the diseased population. Based on studies on the patients 
with the severe diseased condition a gene dose effect of HLA-DRB1 
alleles has been suggested [20, 21]. Therefore, polymorphisms in 
HLA genes are being explored to find diagnostic tools for a 
rheumatoid syndrome. Besides HLA polymorphisms, other risk 
genes will be helpful in defining genotypic profiles correlating with 
disease phenotypes.  

HLA genes in conjunction with other genetic determinants may lead 
the patient body to a certain pathway of synovial inflammation. 
Patients may or may not develop extra-articular manifestations, 
which are critical in determining morbidity and reducing healthy 
lifespan. HLA genes, complemented by other RA risk genes, are likely 
involved in shaping the T-cell repertoire. On the other hand, 
production of an unusual T-cell population characterized by the 
potential of vascular injury, as seen in extra-articular RA, is also 
accelerated by these genes [22]. 

Cytokines and rheumatoid arthritis 

Cytokines are small polypeptide mediators of the immune and 
inflammatory responses. These molecules are secreted by almost all 
cell types at different titre in different time. Their action is generally 
at a paracrine or autocrine level. Cytokines function in a complex 
process with multiple relationships, making it difficult to predict the 
role of a single cytokine in any disease. The role of cytokines in the 
pathogenesis of RA has been the subject of multiple studies that 
generally agree on the overproduction of pro-inflammatory 
cytokines in the rheumatoid joint. There are several studies to 
monitor the roles of cytokines in different diseases. Most of these 
studies are based on immunohistochemistry or molecular biology 
techniques, which have detected the expression of cytokines (IL-α, 
IL-1b, IL-6, TNF-α, TGF-β) originating predominantly in the 
macrophage-fibroblast cells [23-26]. But it has been difficult to 
detect T-cell derived cytokines (mainly IL-2 and IL-4). However, 
these studies analyzed the synovial samples of patients with a long-
standing disease treated with anti-rheumatic drugs which may alter 
the original profile of cytokine expression [27-29]. 

At present the mRNA expression of a broad spectrum of cytokines 
(IL-1b, IL-2, IL-4, IL-5, IL-6, IL-8, TNF-α, TGF-β) and granulocyte-
macrophage colony-stimulating factor (GM-CSF) have been detected 
in the synovial tissues of RA patients. In both early and advanced 
stages of RA, it helps to know the cellular response and expression 
profiles of different cytokine molecules. The studies of the 
expression of HLA molecules during the progression of disease have 
been investigated to define precise cytokine–HLA network [27-29].  

Role of cytokines in bone destruction 

Studies using anti-TNF agents clearly show that they can slow down 
or prevent the progression of bone and cartilage damage in RA [30]. 
This activity probably involves suppression of osteoclasts-like cells 
in the joints [15]. Other cytokines like IL-1 and IL-17 are notable in 
regulating matrix degradation in animal models of arthritis [3]. The 
most exciting development in the pathogenesis of bone destruction 
in RA was the discovery of osteoclast-mediated bone resorption that 
is regulated by the RANK (receptor activator of nuclear factor (NF-
kB) ligand or RANKL. RANKL is expressed by a variety of cell types 
involved in RA, including T-cells and synoviocytes. These cells, in the 
presence of cytokines like TNF-α and M-CSF, contribute to osteoclast 
maturation and activation. The soluble decoy receptor to RANKL, 
Osteoprotegerin (OPG), and RANKL are up regulated in RA, but 
normalize after treatment with TNF inhibitors [31]. The role of 
RANKL in inflammatory joint disease has been confirmed in several 
animal models. For instance, T-cell activation leads to an RANKL-
mediated increase in osteoclasts and bone loss in rat adjuvant 
arthritis [32]. Osteoprotegerin administration to the arthritic 
animals blocks bone destruction but has a very little effect on 
inflammation. RANKL-knockout mice also have diminished bone 
erosion in arthritis models [33]. Cytokine pathways are involved in 
blocking the RANK/RANKL system that in the other hand blocks 
bone decay. 

Mechanisms of cytokine gene expression and new therapeutic 
targets 

As cytokines play a crucial role in any disease as a medium of cell-
cell communication and cellular activation, cytokine regulation has 
been a key factor to regulate diseases like RA. For instance, NF-κB is 
activated in the synovium of patients with RA [34] which then 
regulates several genes, including TNF-α, IL-6, IL-8, inducible nitric 
oxidase synthase (iNOS) and cyclooxygenase-2 (COX-2), that 
contribute to inflammation. After stimulation of innate immunity or 
exposure to pro-inflammatory cytokines, the IκB kinase (IKK) signal 
complex is activated in synoviocytes, leading to phosphorylation of 
IκB [35]. IKKβ is both necessary and sufficient for induction of IL-6, 
IL-8 and intercellular adhesion molecule-1 (ICAM-1) gene 
expression. Targeting NF-κB is an effective therapeutic strategy in 
many animal models of arthritis. For instance, rat adjuvant-induced 
arthritis is suppressed by intra-articular gene therapy with 
dominant negative IKKβ adenoviral construct [36], while decoy 
oligonucleotides block streptococcal cell-wall arthritis [37]. 

The mitogen-activated protein kinases (MAPs) are also key regulators 
of cytokine and metalloproteinase production and could also be a 
target in RA. All three kinase families — extracellular signal-regulated 
kinase (ERK), c-Jun N-terminal kinase (JNK) and p38 are expressed in 
rheumatoid synovial tissue [38]. All are constitutively expressed by 
cultured synoviocytes, and exposure to pro-inflammatory cytokines 
induces rapid phosphorylation. Upstream kinases that activate the 
MAP kinases, such as MKK3, MKK4, MKK6 and MKK7, are also 
activated in RA synovium and can form signalling complexes that 
integrate external environmental stresses to generate an appropriate 
cellular response. The MAP kinases have attracted considerable 
attention as potential therapeutic targets in RA. Pre-clinical studies 
show that p38 inhibitors are effective in murine collagen-induced 
arthritis, rat adjuvant-induced arthritis, and many other RA models 
[39]. A selective JNK inhibitor, SP600125, is mildly anti-inflammatory 
in the rat adjuvant-induced arthritis model but provides striking 
protection against bone and cartilage destruction [40]. Of the JNK 
isoforms, JNK2 is particularly important in arthritis because it is the 
dominant isoform expressed in synoviocytes. In JNK2-knockout mice, 
passive collagen-induced arthritis causes less cartilage damage 
compared to wild-type animals although clinical arthritis is still severe 
[41]. The transcription factor activator protein-1 (AP-1) also regulates 
many genes that participate in RA, including TNF-α and 
metalloproteinases. 

High levels of AP-1 binding activity are detected in nuclear extracts 
of RA synovial tissue compared to osteoarthritis. Its components c-
Jun and c-Fos are highly expressed in RA synovium, especially in the 
nuclei of cells in the intimal lining layer [42]. Pro-inflammatory 
cytokines can activate AP-1 activity in synoviocytes and lead to a 
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massive release of metalloproteinases. AP-1 molecules suppress 
collagen-induced arthritis and inhibit IL-1, IL-6, TNF-α, matrix 
metalloproteinase (MMP)-3 and MMP-9 production in synovial 
tissues [43]. One of the concerns with therapy directed at any of 
these key regulatory pathways is that they also participate in many 
normal cellular functions. The risks of toxicity or impaired host 
defence are significant potential problems because alterations in 
innate immunity or adaptive responses can be possible.  

The advent of TNF inhibitors [44, 45] illustrates the success of 
applied translational research in RA, based on characterization of 
cytokine networks and studies suggesting that TNF-α production 
might serve as an autologous stimulus for other cytokines in RA 
synovium [46]. Although 40% of the patients have dramatic 
responses, the remainder have some evidence of persistent synovitis 
or minimal clinical benefit. IL-1Rα, a natural IL-1 antagonist, has also 
been approved for use in the United States of America. The response 
rates of IL-1Rα are less than that of TNF inhibitors, perhaps because 
IL-1Rα is a competitive antagonist that must be present in large 
excess. Additional cytokine-directed agents, such as anti-IL-6 
receptor antibody, are also in clinical development, preliminary 
response rates being similar to TNF antagonists. Inhibition of IL-18 
and IL-15 represents additional attractive approaches that could 
block TH1 differentiation, production of inflammatory mediators, or 
TNF-α expression. Based on the TH1 bias of T-cells in the synovium, 
treatment with TH2 cytokines (IL-4, IL-10 and IL-13) was tested in 
many animal models of arthritis and has showed considerable 
promise [47]. But so far, administration of IL-10, which serves as a 
prototypic TH2 cytokine, has met with only limited success [48].  

Synthetic drug/plant extract & their efficacy in rheumatoid 
arthritis 

There are two principal approaches to drug therapy for RA [4]: 

• Symptomatic treatment with analgesics such as 
Acetaminophen and opioids, Non-Steroidal Anti-Inflammatory Drugs 
(NSAIDs), and intra-articular therapies such as glucocorticoids. 
These drugs only interfere with a small segment of the inflammatory 
cascade (e. g prostaglandin generation by cyclo-oxygenases [COXs]) 
but do not interfere with the underlying immuno-inflammatory 
events or retard joint destruction, and 

• Disease-Modifying Anti-rheumatic Drugs (DMARDs) which 
‘modify’ the disease process in all these respects, and once DMARDs 
are effective, no further symptomatic therapies are needed. 
Examples include methotrexate (MTX), sulfasalazine, leflunomide, 
hydroxychloroquine and few newer therapies such as anti-tumour 
necrosis factor (TNF)-α therapy (etanercept, infliximab and 
adalimumab), anti-CD20 therapy (rituximab) and abatacept. 

All these NSAID and DMARD drugs are limited by low (<70%) 
response rate and induction (>30%) of severe adverse events. Some 
of the newer drugs are able to perform a little better in the remission 
rate and adverse events, but none of them have achieved ideal 
targets. This has been often cited as one of the reasons for increased 
use of complementary and alternative medicine (CAM) by patients 
suffering from RA. About 60% to 90% of patient populations have 
been reported to be using CAM from different countries [49]. 

According to the National Centre for Complementary and Alternative 
Medicine (NCCAM), “Complementary and alternative medicine is a 
group of diverse medical and health care systems, practices, and 
products that are not presently considered to be part of 
conventional medicine” [50]. 

The therapies and practices, included within the scope of 
complementary medicine field, can be broadly categorized into:  

• Treatments in which people can administer themselves (e. g., 
botanical herbs, nutritional supplements, health food, meditation, 
and magnetic therapy), 

• Treatments were administered by providers (e. g., acupuncture, 
chiropractic, massage, reflexology, and osteopathic manipulations), and 

• Treatments people can administer under the periodic supervision 
of a provider (e. g., Tai Chi, yoga, homeopathy, and Ayurveda). 

The world health organization (WHO) estimates that as many as 
80% of the world population depends primarily on animal and plant 
based medicines. Of the 252 essential chemicals that have been 
selected by the WHO, 11.1% come from plants and 8.7% from the 
animals [50]. So there is an increasing need for research in this field. 

Herbal medicine is the root of various traditional medicine systems 
around the world. Various traditional medicine systems around the 
world, including ancient Chinese and Indian medicinal system 
(consisting of two major branches—Unani and Ayurveda), rely 
heavily on herbs for health preservation and healing. Herbal 
medicines have been described in traditional texts and been used as 
anti-microbial, anti-inflammatory and anti-viral medicine for the 
cure of allergies, RA, infections, wound healing and fever. While 
many herbal extracts and formulations have undergone trials at 
different levels and have established their anti-arthritic potential, 
many need more research or remain partially explored. 

At present, the current modalities for treating arthritis have not been 
shown to block, reverse or cure the disease. In these cases, disease 
flares up when the treatment is discontinued because the treatment is 
symptomatic. This has increased the interest of use of CAM therapies 
for the treatment of arthritis. However, much of the current research is 
focused on the identification, isolation and characterization of active 
principle(s) from crude extracts of known medicinal plants/herbs and 
animals/animal products, often overlooking the fact that strong 
synergism of several constituents in the crude drug may prove more 
potent and effective than any single purified compound and this may 
also help to nullify the toxic effects of individual constituents. The lack 
of sufficient clinical investigations too does not permit definitive 
conclusions to be drawn regarding the efficacy of plants and animals 
as CAM modalities in RA. However, several animal model based 
studies have helped in elucidating the potential mechanism of action of 
various CAM modalities. This encourages further studies but demands 
rigorous experimentation. There is a need for screening and 
scientifically evaluating number of known traditional medicinal plants 
and animals for providing newer and safer treatment options with 
minimum side effects. Once the underlying molecular mechanism for 
the observed anti-inflammatory and chondroprotective effects of 
nutraceuticals are elucidated, their health benefits may be fully 
exploited to develop new and better modalities for treating 
degenerative and inflammatory joint diseases. 

Current knowledge on promising plant based medicines 

Camellia sinensis var. assamica (J. W. Hart.) Kitam (Assam tea) 

Camellia sinensis (Family Theaceae) is native to east, south and south-
east Asia, but it is today cultivated across the world in tropical and 
subtropical regions. The pharmacological properties of green tea are 
attributed to its high content of polyphenols/catechins, mainly 
epigallocatechin-3-gallate (EGCG). EGCG inhibits the transcription 
factor nuclear factor kappa-B (NF-κB), IL-1 induced phosphorylation 
of c-Jun-N-terminal kinase (JNK), expression and activities of matrix 
metalloproteinases MMP1 and MMP13 in vitro [51]. The catechin 
constituent of green tea was shown to inhibit the degradation of 
human cartilage proteoglycan and type II collagen. The effects of 
green tea were demonstrated in an animal model of inflammatory 
polyarthritis, wherein the collagen-induced arthritis (CIA) was 
ameliorated by prophylactic administration of green tea polyphenols 
(GTPs) in drinking water. In addition, the total immunoglobulins 
(IgG) and type II collagen levels were found to be lower in the serum 
and arthritic joints of GTP fed mice [18]. Immunostimulatory activity 
[52] and anti-microbial activity [53] of the plant is also promising. 

Curcuma longa L. (Turmeric) 

Turmeric (Family-Zingiberaceae) is a commonly used 
colouring/flavoring agent with a long history of its use in Ayurveda 
for various medicinal conditions. It is native in south-east India and 
needs temperatures between 20-30 °C and a considerable amount of 
annual rainfall to thrive. The major component of turmeric is 
curcumin (diferuloylmethane) which constitutes approximately 
90% of total curcuminoid content. Curcumin is a potent inhibitor of 
the common transcription factor NF-κB [54, 55]. Studies have also 
shown the inhibitory effect of curcumin on the arachidonic acid 
cascade (COX-2 and LOX) by inhibiting the catalytic activities of 
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phospholipases A2, Cγ1, and D. Curcumin also blocks the catabolic 
effects of IL-1 β induced upregulation of MMP-3, and IL-1β-induced 
decrease in type II collagen synthesis, that are known contributors 
in the pathogenesis of RA [56]. 

Zingiber offcinale roscoe (Ginger)  

Ginger (Family-Zingiberaceae) is indigenous to southern China, but 
now it is distributed worldwide and cultivated for different purposes. 
Ginger is a very commonly used dietary constituent worldwide, and is 
known to possess antioxidant, anti-inflammatory, antiseptic, and 
carminative properties. Ginger has a history of its use in Ayurveda for 
treating inflammatory and rheumatic diseases. The anti-inflammatory 
effects of ginger in treating arthritis are believed to be due to 6-
gingerol, which is a pungent phenolic constituent of ginger. The 6-
gingerol inhibits the LPS-induced NO production and effectively 
protects against peroxynitrite-mediated damage. Studies have shown 
that gingerols are excellent inhibitors of LPS-induced PGE2 production 
[57]. In some studies, RA patients experienced the marked reduction 
in pain after consumption of ginger [58, 59]. 

Semecarpus anacardium L. f. (Nut milk extract) 

Semecarpus anacardium (Family-Anacardiaceae) is a deciduous tree 
distributed in the sub-Himalayan tract and in tropical parts of India. 
In traditional medicine, it is highly valued for the treatment of gout, 
rheumatic pains, and cancer (60). The chemical constituents of the 
milk extract of Semecarpus anacardium include flavonoids, phenols, 
and carbohydrates. Studies have shown that Semecarpus anacardium 
or nut milk extract is effective against adjuvant arthritis (61, 62). 
The protective anti-oxidant role of flavonoids, is shown to be due to 
their inhibitory effects on the production of reactive oxygen species 
(ROS) by their free-radical quenching activities, and their potential 
to improve the levels of antioxidants in the body. Flavonoids have 
also been reported to exhibit anti-inflammatory activity by 
inhibition of phospholipase A2, thereby reducing the production of 
pro-inflammatory PGE2, and also by reducing the elevated levels of 
TNF-α and NO. Another protective effect of the plant is by enhancing 
the stability of the lysosomal membrane, thus preventing the 
rupture and release of lysosomal enzymes, which play a major role 
in erosive synovitis in RA (56). Furthermore, this plant has been 
shown to modulate both the humoral and cell-mediated immune 
responses along with its anti-inflammatory effects in adjuvant 
arthritic models. The humoral immunomodulatory response was 
explained by reversion of the elevated levels of IgG and IgA, and the 
cell-mediated immunomodulatory response by inhibition of T-
lymphocyte migration to the inflamed joints. 

Saraca asoca (Roxb.) Willd. (Ashoka) 

The original distribution of Saraca asoca (Family-Fabaceae) was in 
the central areas of the Deccan plateau of India, but now the plant is 
distributed throughout the country. Methanolic extracts of Saraca 
asoca has anti-inflammatory activity in rat arthritic models [63]. 
Treatment with S. asoca has also shown a significant reduction in the 
levels of both plasma and liver lysosomal enzymes. The protein 
bound carbohydrates and urinary collagen contents were also 
decreased at a significant level by the treatment of S. asoca methanol 
extract. Furthermore, treatment of S. asoca reduced the levels of pro-
inflammatory cytokines in adjuvant-induced arthritic rats [64]. 

Ananas comosus (L.) Merr. (Pineapple) 

Ananas comosus (Family-Bromeliaceae), commonly known as 
Pineapple, is native to Central and South America and is grown in 
several tropical and subtropical countries including the Indian 
subcontinent. Chloroform and methanolic extracts of A. comosus leaf 
have shown activity against acute anti-inflammation in carrageenan-
induced paw oedema in Wistar albino rats. The methanolic extract 
was found to be the most potent followed by the chloroform extract 
[65]. Bromelain, a protease extracted from the stem of pineapple 
reduces mild acute knee pain [66]. 

Cannabis sativa L. (Ganja) 

This species belonging to Family Cannabaceae is indigenous to 
Central and South Asia. Cannabis is one of the oldest known 
medicinal plants and produces pharmacologically important 

substances. Among them, most important are the cannabinoids that 
are unique components in the cannabis plant. The 9-
Tetrahydrocannabinol (9-THC) and cannabidiol (CBD) are known to 
be major cannabinoids in the plant. Cannabidiol (CBD), a non-
psychoactive marijuana constituent, was recently shown to act as an 
oral anti-hyperalgesic compound in a rat model of acute 
inflammation [67]. Cannabidiolic acid was shown to be a selective 
cyclo-oxygenase-2 (Cox-2) inhibitory component in cannabis [68]. 

Cannabinoids mediate their physiological and behavioral effects by 
activating specific cannabinoid receptors. With the recent discovery 
of the cannabinoid receptors (CB1 and CB2) and the 
endocannabinoid system, research in this field has expanded 
exponentially. Cannabinoids have been shown to act as potent 
immunosuppressive and anti-inflammatory agents and have been 
shown to mediate the beneficial effects in a wide range of immune-
mediated diseases such as multiple sclerosis, diabetes, septic shock, 
rheumatoid arthritis, and allergic asthma. Cannabinoid receptor 1 
(CB1) is mainly expressed on the cells of the central nervous system 
as well as in the periphery. In contrast, the cannabinoid receptor 2 
(CB2) is predominantly expressed on immune cells [69]. 

Ocimum tenuiflorum L. Syn. Ocimum sanctum L. (Tulsi) 

Ocimum sanctum Linn. (Family-Lamiaceae), a small herb seen 
throughout warmer parts of India, have been recommended by 
Ayurveda for the treatment of bronchitis, bronchial asthma, malaria, 
diarrhoea, dysentery, skin diseases, arthritis, painful eye diseases, 
chronic fever, insect bite etc. The fixed oil (non-volatile part of the 
plant, typically obtained from the seed or nut) of O. sanctum was 
shown to have anti-arthritic activity in Freund's adjuvant-induced 
arthritis, formaldehyde-induced arthritis and also in turpentine oil-
induced joint edema in rats. The fixed oil showed significant anti-
arthritic activities in both models and anti-edema activity against 
turpentine oil-induced joint edema [70]. The oil shows anti-
inflammatory potential due to inhibition of arachidonate metabolism 
and anti-histaminic activity. Eugenol (l-hydroxy-2-methoxy-4-
allylbenzene), the active constituent present in Ocimum sanctum L., 
has been found to be largely responsible for its therapeutic potential. 

Withania somnifera (L.) Dunal (Ashwagandha) 

Withania somnifera (Family-Solanaceae) is a small herb found in 
different parts of India and Nepal. It has promising anti-arthritic 
activity, ascribed to its stabilizing action on lysosomal enzyme 
activities [71]. The aqueous suspension of Withania somnifera root 
powder showed potent inhibitory activity towards the complement 
system, mitogen-induced lymphocyte proliferation and delayed-type 
hypersensitivity reaction. Immunosuppressive effect of W. somnifera 
root powder indicates that it could be a candidate for an 
immunosuppressive drug for inflammatory diseases [72]. Oral 
administration of W. somnifera root powder showed a significant 
increase in the level of lipid peroxides, glycoproteins, and urinary 
constituents with the depletion of antioxidant status and bone 
collagen in arthritic animals [73]. The effect of W. somnifera crude 
ethanol extract was studied on peripheral blood mononuclear cells 
of normal individuals and RA patients and synovial fluid 
mononuclear cells of RA patients in vitro. The study demonstrated 
that crude ethanol extracts of W. somniferra suppressed the 
production of pro-inflammatory molecules in vitro. This activity is 
partly through the inhibition of transcription factors NF-κB and AP-1 
by the constituent with anolide [74]. Withaferin-A, a steroidal 
lactone from W. somnifera shows potent anti-arthritic and anti-
inflammatory activity in arthritic animals [75].  

Moringa oleifera Lam. (Moringa)  

Moringa oleifera (Family-Moringaceae), commonly known as 
moringa, drumstick, and horseradish, is a small, fast-growing tree 
that originates in India. Ethanolic seed extracts of Moringa oliefera is 
shown to have immunosuppressive activity in experimental immune 
inflammation [76]. A rare aurantiamide acetate and 1,3-dibenzyl 
urea has been isolated from the roots of M. oleifera [77]. In a study, 
the anti-arthritic activity of a hydro-alcoholic extract of Moringa 
flowers was investigated in adjuvant-induced arthritis in Wistar rats. 
Body weight, paw edema volume (primary lesion), inflammation at 
non-injected sites, and arthritic index (secondary lesion) in diseased 
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animals was reduced by treatment with the extract as compared to 
untreated control animals. The protective effects of Moringa were 
also noted in serum levels of Rheumatoid Factor (RF) and levels of 
the cytokines, TNF-α and IL-1 in treated diseased animals as 
compared with untreated control animals. Test animals showed 
decreased RF level, TNF-α and IL-2 levels in the serum when treated 
with Moringa. Histopathological sections from animals in the drug 
treatment group showed a protective effect that was evidenced by 
less infiltration of lymphocytes and less angiogenesis as compared 
with sections from arthritic animals [76]. 

Cyanthillium cineveum (L.) H. Rob. Syn. Vernonia cinerea (L.) 
Less (Sahadevi) 

This plant is very common in West and Central Africa but well 
distributed in India as well. It belongs to the Family Asteraceae. 
Latha et al. (1998) [78] tested the anti-inflammatory effect of an 
alcoholic extract from the flower of Cyanthillium cineveum (Syn. 
Vernonia cinerea) (Family-Asteraceae) in adjuvant arthritic rats. 
Changes in paw volume, body and tissue weights and serum and 
tissue enzyme activities of ALT, AST, ACP and cathepsin-D in 
adjuvant rats were reversed by oral administration of 100 mg/kg 
body weight of the flower extract. The extract also reversed the 
major histopathological changes in the hind paws of the arthritic 
rats. Phytochemical studies revealed the presence of alkaloids, 
saponins, steroids and flavonoids [78]. 

Methanolic extract of Cyanthillium cineveum was found to scavenge the 
hydroxyl radical generated by Fenton reaction, superoxides generated 
by photo- reduction of riboflavin and to inhibit lipid peroxidation 
significantly. The drug also scavenged nitric oxide. Intra-peritoneal 
administration of Cyanthillium cineveum was found to inhibit the PMA 
induced superoxide generation in mice peritoneal macrophages. The 
administration of Cyanthillium cineveum to mice significantly 
increased the levels of catalase, superoxide dismutase, glutathione, 
glutathione peroxidase and glutathione-S transferase in blood and 
liver, whereas lipid peroxidation activity was significantly decreased 
[78]. It was also found that Cyanthillium cineveum extract significantly 
inhibited carrageenan-induced inflammation, compared to control 
models. Down regulation of pro-inflammatory cytokine level and gene 
expression data also supported the above results [79]. 

Justicia gendarussa Burm f. (Water willow) 

Justicia gendarussa (Family-Acanthaceae) is a shade-loving, quick-
growing, evergreen plant mostly found in moist areas. It is believed 
to be native to China and is distributed widely across India, Sri 
Lanka, and Malaysia. In Indian and Chinese traditional medicine, the 
leaf of the plant is recommended to treat ailments such as fever, 
hemiplegia, rheumatism, arthritis, headache, ear ache, muscle pain, 
respiratory and digestive disorders. The paw volume and lipid 
peroxide level of hemolysate and liver in arthritic rats were 
significantly reduced to near normal level by administration of 
ethanolic leaf extract of Justicia gendarussa [80]. The decreased level 
of enzymatic antioxidants activities and non-enzymatic antioxidants 
levels was reverted to normal levels when methanolic extract given 
to arthritic rats. The preliminary phytochemical analysis of 
methanolic extract showed the presence of many biologically active 
phytochemicals such as flavonoids, alkaloids, phenolic compounds, 
saponins, glycosides, and tannins and these compounds might be 
responsible for the anti-inflammatory properties. The possible anti-
inflammatory mechanism of the Justicia gendarussa leaf extracts may 
be through its free radical scavenging activity, its stabilizing action 
on lipid peroxide and increased antioxidants levels [81]. 

Another study focused on the anti-inflammatory activity of Justicia 
gendarussa in a carrageenan-induced paw edema assay. Methanolic 
extract of J. gendarussa (JRM) roots significantly inhibited oedema 
formation 5 hours after carrageenan induction. JRM inhibited 
carrageenan-induced change in total cycloxygenase activity; 5-
lipoxygenase and 15-lipoxygenase activities in blood mononuclear 
cells of rats, decreased neutrophil infiltration in paw tissue as shown 
by low myeloperoxidase activity [82]. It also caused an inhibition in" 
with "inhibited cyclooxygenase-2 activity in paw tissue [82]. 
Purification of JRM by liquid–liquid partitioning yielded an ethyl 
acetate fraction of JRM that showed interleukin-6 downregulation 

potential and the ability to inhibit prostaglandin E2 production in 
vivo [82]. 

Premna serratifolia L. (Agnimantha) 

Premna serratifolia (Family-Lamiaceae) is a large shrub widespread 
in the deciduous forests of India. The whole plant possesses 
medicinal properties, useful in the treatment of cardiovascular, skin, 
inflammatory diseases, arthritis, gonorrhoea, rheumatism, anorexia 
and jaundice. The anti-arthritic activity of ethanolic extract of 
Premna serratifolia wood was tested in Freund's adjuvant-induced 
rat arthritis model. The loss in body weight during arthritis 
condition was corrected on treatment with ethanol extract and 
standard drug indomethacin [82]. Biochemical parameters such as 
hemoglobin content, total WBC, RBC, erythrocyte and sedimentation 
rate were also estimated. The ethanolic extract at the dose of 300 
mg/kg body weight inhibited the rat paw edema by 68.32% which is 
comparable to standard drug indomethacin which inhibited 74.87% 
paw edema after 21 days. The observed anti-arthritic activity may be 
due to the presence of phytoconstituents such as irridiod glycosides, 
alkaloids, phenolic compounds and flavonoids [83]. 

Cissampelos pareira L. (Abuta) 

Cissampelos pareira (Family-Menispermaceae) is a common plant 
seen in the subcontinent. In a study, 50% ethanolic extract of C. the 
roots exhibited significant anti-inflammatory activity in acute, 
subacute and chronic models of inflammation in rats [84]. In the 
same study, 50% aqueous ethanolic extract of C. pariera exhibited 
resistance against pain in mice. Further, it also showed resistance 
against adjuvant-induced arthritis in mice [84]. 

Nyctanthes arbor-tristis L. (Harshringar; Shiuli)  

Harshringar or Nyctanthes arbor-tristis (Family-Oleaceae) has been 
used widely as a decoction for the treatment of arthritis and sciatica 
in the Indian ayurvedic system of medicine for centuries. The plant 
has its origin from the Bengal region of India while it is distributed 
all over sub-tropical regions of the country. Arbortristosides, 
nyctanthic acid, and crocetin are the main active principles of the 
plant. Water soluble ethanolic leaf extract has been reported to 
reduce significantly the levels of inflammatory cytokines (IL-1, TNF-
α) in experimental arthritis [85]. 

Swertia chirayita (Roxb.) Buch-Ham. Ex C. B. Clarke (Chirata)  

Swertia chirayita, (Family-Gentianaceae) a herb found abundantly in 
the temperate regions of Himalaya, is commonly used for chronic 
fever, anemia and asthma. The plant inhabits the pastures and slopes 
of the Himalayas and ranges between 2000 to 3,000 metres. 
Chirayita comprises of swerchirin, swertanone and swertianin as 
active components responsible for the anti-inflammatory activity. 
Chirayita is reported to reduce the elevated levels of pro-
inflammatory cytokines IL-1β, TNF-α and IL-6 in experimental 
arthritis as well as in asthmatic conditions [86]. 

Crocus sativus L. (Saffron)  

Saffron (Family-Iridaceae) is native to Greece and south-west Asia 
and it was brought to this country and naturalized later. The plant is 
commonly used as folk medicine for various purposes such as 
aphrodisiac, anti-spasmodic and expectorant. It is a perennial 
flowering plant with very less growing height up to 40 cm. 
Commonly cultivated in Kashmir, the distribution of the plant is seen 
in North America, Greece and Spain as well.  

Saffron stigma possesses anti-inflammatory action due to presence of 
the crocetin and carotenoids. Aqueous and ethanolic extracts of saffron 
petals exhibit radical scavenging as well as anti-inflammatory effects 
in xylene and formalin-induced inflammation [87]. 

Strobilanthus callosus Nees. (Karvi)  

Karvi (Family-Acanthaceae) is another Indian medicinal herb, 
commonly found in the Maharastra state and has been used by the 
local tribals for the treatment of inflammatory disorders. The Lupeol 
and 19α-H Lupeol isolated from the roots of Strobilanthus 
callosus have demonstrated the anti-inflammatory as well as anti-
rheumatic activity in carrageenan-induced oedema [88]. 
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Aloe vera (L.) Burm. f. (Ghritokumari) 

Dermatological aspects of Aloe vera (Family-Xanthorrhoeaceae) are 
very well known in the traditional medicinal systems. In this regard, 
studies on compound isolation are also done revealing the presence 
of potent anti-inflammatory biomolecules in the plant [89]. The 
plant is well distributed in India and neighbouring countries. Anti-
inflammatory activity has been investigated in the Aloe vera crude 
extract in carrageenan-induced arthritic rat models [90]. 
Preliminary studies on anti-arthritic activity have also been done 
[91]. Experiments prove that the plant has some strong protective 

role against inflammation and rheumatism. However, some more 
precise experiments are needed to establish its role in such disease.  

Other important plants with anti-inflammatory activities 

Acacia farnesiana (L.) Willd. [92], Aegle marmelos (L.) Correa (Bel) 
[93], Anacardium occidentale L. (Cashew) [94], Azadirachta indica A. 
Juss. (Neem) [95], Cedrus deodara (Roxb. ex D. Don) G. Don (Deodar) 
[96], Morus indica L. (Mulberry) [97], Emilia sonchifolia (L.) DC. Ex 
DC.[98] are some other promising plants having potential anti-
inflammatory activities. These plants can be further used to 
investigate their role in rheumatoid arthritis. 

 

   
Saraca asoka (Ashok) Cannabis sativa (Ganja) Withania somnifera (Ashwagandha) 

   
Cissampelos pereira (Abuta) Justcia gendarussa (Water willow) Aloe vera (Ghritokumari) 

Fig. 2: Promising medicinal plants of the North-Eastern Himalayan region having anti-arthritic and anti-inflammatory properties. Leaf, 
fruiting bodies and flowers are shown in insets. (Photo courtesy: Garden of Medicinal Plants, University of North Bengal, India) 

 

CONCLUSION 

At present, the current modalities for treating arthritis are 
symptomatic and have not been shown to either block or reverse the 
cartilage degradation and joint destruction. This has resulted in 
heightened interest in the use of CAM therapies for the treatment of 
arthritis. However, much of the current research is focused on the 
identification, isolation and characterization of active principle(s) 
from crude extracts of known medicinal plants/herbs and 
animals/animal products, often overlooking the fact that strong 
synergism of several constituents in the crude drug may prove more 
potent and effective than any single purified compound and this may 
also help to nullify the toxic effects of individual constituents. Also, 
the lack of sufficient clinical investigations does not permit definitive 
conclusions to be drawn regarding the efficacy of plants and animals 
as CAM modalities in RA. However, several animal studies have 
helped elucidate the potential mechanism of action of various CAM 
modalities. This encourages further studies but demands rigorous 
experimentation. There is a need for screening and scientifically 
evaluating number of known traditional medicinal plants and 
animals for providing newer and safer treatment options with 
minimum side effects. Once the underlying molecular mechanism for 
the observed anti-inflammatory and chondro-protective effects of 
nutraceuticals are elucidated, their health benefits may be exploited 
to develop new and better modalities for treating degenerative and 
inflammatory joint diseases. 
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Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory condition 

affecting the bone joints causing swelling, stiffness and pain that 
gradually leads to the substantial loss of functioning and mobility in 
the advanced stages [1]. Effects of RA are not only limited to extreme 
physical distress but also cause mental distress. As the etiology behind 
RA prognosis is not well understood confirmed curative measures are 
not discovered till date. All treatment regimes and therapies presently 
applied, such as cytokine therapy (anti-TNFα therapy) or Disease 
Modifying Anti-Rheumatic Drugs (DMARDs) are only limited to the 
reduction of symptoms of the disease and delay of pathogenesis [2]. 
Thus RA has become an undeniable threat to human life and therefore 
preventive measures must be developed to cure this disorder. 

In the recent times, a large body of research has been directed 
towards finding herbal solutions to the treatment of the diseases. In 
Indian Ayurveda, one such promising herbal candidate having anti-
arthritic effect is Aloe vera (Family Xanthorrhoeaceae), a perennial 
succulent xerophytic plant. In this plant water is held in the form of 
viscous mucilage within the thin walled parenchymatous cells in the 
innermost part of the leaves. Aloe vera has been used for many centuries 
for its curative and therapeutic properties [3]. It has been traditionally 
used in various skin ailments [4] and has well known wound healing and 
anti-inflammatory activities [5,6]. Aloe vera gel has been traditionally 
consumed or applied dermally to reduce joint pains. Phytochemical 
screening of Aloe vera confirms the presence of flavonoids, alkaloids, 
resins, tannins, steroids and other chemical substances [7]. The anti-
inflammatory activity of the crude unprocessed gel has also been 
documented [8]. It has been documented that Aloe vera contains 
anthroquinone that may play a key role in anti-arthritic activity [9]. 
Many of the medicinal effects of Aloe leaf extracts have been attributed 
to the polysaccharides found in the inner leaf parenchymatous tissue 
[5,6], but it is believed that these biological activities should be assigned 
to a synergistic action of the compounds contained therein rather than 
a single chemical substance [7]. 

In the present study we have estimated the levels of certain clinical 
parameters in Rheumatoid arthritic patients of northern West North 
Bengal, India compared to the control subjects and also have discussed 
the possibility of using Aloe vera crude gel in the treatment of RA 
by evaluating the effects of crude leaf gel in experimental arthritic 
conditions in rat groups induced by Freund’s complete adjuvant.

Materials and Methods
This section has been compartmentalized into separate categories 

for better understanding as follows:

Human based studies

Sample collection: Blood samples of 50 RA patients and 50 controls 
subjects were collected from an authorized diagnostic laboratory of 
Siliguri and also from North Bengal Medical College and Hospital 
(NBMCH, Sushrutnagar, West Bengal, India) under the guidance of a 
medical practitioner. Both patients and control subjects have provided 
their written consent after knowing the purpose of the study. The 
patients were diagnosed on the basis of physical examinations, clinical 
symptoms,, disease progression studies and were confirmed of having 
RA based on the reports of Anti-CCP assays.

Estimation of RA clinical parameters: Each blood sample was 
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Abstract
Rheumatoid Arthritis (RA) is a chronic inflammatory condition affecting the joints causing swelling, stiffness and 

pain which finally leads to substantial loss of functioning and mobility in its advanced stages. In the present study 
we have monitored important serological parameters of fifty RA patients and also have discussed the justification of 
using rat as a model for human RA researches by comparing their respective serological parameters. We have also 
evaluated the anti-arthritic roles of raw Aloe vera gel and its effects in rat model where arthritis was induced by using 
Freund’s Complete Adjuvant (FCA). Three essential conclusive statements were derived from the study. Firstly, the 
six clinical parameters that we have selected for the study namely, RA factor, CRP, ASO, ESR, ceruloplasmin and 
serum creatinine were all essential for the differential diagnosis of Rheumatoid Arthritis during its early and later 
stages, RA factor being the most sensitive of all parameters (92% sensitivity). Secondly, this study has supported 
the use of the rat as a model for designing therapeutic strategies against RA. Lastly, as evident from our study, Aloe 
vera extracts can be beneficial for the reduction of inflammatory edema and also for the reduction of ceruloplasmin in 
RA condition in rat model. However, further investigations are necessary for more refined therapeutic usage of Aloe 
vera for the treatment of RA in human.
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divided into two parts, the anti-coagulated (EDTA added) part for ESR 
estimation and the clotted part for serum extraction for the estimation 
of RA factor, CRP assay, ASO titre estimation, Ceruloplasmin and 
creatinine assays.

Erythrocyte Sedimentation Rate (ESR) of each blood sample was 
immediately estimated by Westergren method by measuring the rate of 
gravitational settling of anti-coagulated erythrocytes in 1 hour from a 
fixed point in an upright calibrated tube of predefined dimensions [10]. 
Its normal upper limit for males is 15 mm/hr, and for females is 20 mm/
hr [11]. ESR is an indirect measure of the acute phase reaction, it being 
a simple and inexpensive laboratory test for assessing inflammation. 

Rheumatoid (RA) factor, C-Reactive Protein (CRP) and Anti-
streptolysin O (ASO) were estimated by quantitative turbidometric 
assay and their normal range reference values in the serum were 
considered to be up to 20 IU/ml, 6 mg/dl, and 200 IU/ml respectively. 
RA factor is a very potent marker of RA as majority of the patients have 
this abnormal antibody in their serum at a range higher than normal.

Furthermore, we analyzed ceruloplasmin and creatinine 
concentration in the serum samples of the RA patients and the control 
subjects. Ceruloplasmin estimation was done spectrophotometrically 
by using p-phenylenediamine oxidase activity [12]. The levels of 
serum creatinine were measured spectrophotometrically by studying 
reactions between creatinine and alkaline picrate [13]. 

Rat model based study

Experimental setup: Swiss Albino male rats weighing 60 ± 10 
gm each were used for all the experiments under this section and 
were procured from an authorized animal dealer (Ghosh Enterprise, 
Kolkata, India). Animals were maintained under standard laboratory 
conditions. The study was approved by the Institutional Animal Ethical 
Committee (IAEC) of CPCSEA (Committee for the Purpose of Control 
and Supervision of Experiments on Animals) of the University of 
North Bengal, West Bengal, India. 

The animals were divided into 6 groups of 4 male rats in each. The 
first group was considered as Non-treated or control group (NT) as 
arthritis was not induced in the rats of this group. The second group 
was considered as Arthritic group or Negative Control (AG) as arthritis 
was induced in the members of this group as per the method proposed 
by Bendele et al. [14]. All the animals of AG were administered a dose of 
0.1 ml of Freund’s Complete Adjuvant (FCA) in the left hind paw and a 

booster dose of 0.1 ml was given on the 15th day of the experiments. The 
animals of three other groups were also induced with FCA following 
the methods as mentioned above. These three groups were designated 
as the Experimental Groups (EGs) and were fed raw Aloe vera gel as 
mentioned below.

Wild Aloe vera plants collected from the sub-Himalayan Terai 
regions of Northern West Bengal were used for the experiments. 
The plants were identified by the Department of Botany, University 
of North Bengal [accession no. 09884 (NBU)]. They belong to class 
Magnoliopsida under order Asparagales and family Xanthorrhoeaceae. 
The crude gel was obtained by peeling out the outer cuticle layer and 
cutting the gel aseptically into small pieces. The sample homogenate 
was freshly prepared with distilled water (1:5 w/v) every time before 
use. Each piece of gel was weighed and then dried separately in an air 
oven at 37°C for 48 hours to know the dry weight of the gel doses.

Three experimental groups (EGs) were treated with different doses 
of Aloe vera doses viz., 125 µl (EG-125), 250 µl (EG-250) and 500 µl 
(EG-500) respectively corresponding to 25 gm wet gel/kg body weight 
(20 mg dry weight/kg body weight), 50 gm wet gel/kg body weight (40 
mg dry weight/kg body weight), and 100 gm wet gel/kg body weight 
(80 mg dry weight/kg body weight). The above mentioned doses were 
selected on the basis of the quantity of Aloe vera gel that should be 
taken by a person per day for therapeutic use. However, the absorption 
rate may be different in case of rat and human systems. 

The sixth group was considered as the Protective group (PG) where 
animals were fed with 250 μl Aloe vera (50 gm wet gel/kg body weight 
or 40 mg dry weight/kg body weight) 7 days prior to the FCA injection 
(arthritis induction). 

Parametric studies: Two rats from each of the six groups were 
sacrificed on 21st day of the experiment and the rest were sacrificed 
on the 28th day to know the levels of modulatory activities of crude 
Aloe vera after the booster doses of FCA. The left hind paws of all the 
six rat groups were amputated from the body after their sacrifice and 
were subjected to radiological analysis. The measurements of paw 
circumference was done at regular intervals of 2 or 3 days with the help 
of a vernier caliper following methods of Paquet et al. and Rathore et 
al. [15,16]. Body weight was also recorded at regular intervals. Blood 
samples were collected using insulin syringes from the tail vein for 
serum isolation for biochemical tests. Serum ceruloplasmin and 
creatinine estimation were done by applying the procedures followed 

Figure 1: (a) Box plot analyses show the differences in the distribution of the different clinical parameters in the Rheumatoid Arthritic patients and the control samples. 
(b) Pyramid charts compared the distribution of the levels of different clinical parameters in the RA patients and the control samples.
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in case of the human samples for reducing complications during 
further analyses.

Statistical analysis

All the statistical calculations were performed using the softwares 
MS-Excel and Kyplot ver. 2.0 β and SPSS ver. 16.0. In the Kyplot 
analysis the data represented mean ± SD which was analyzed by T-test 
for finding the significance. The results were considered significant 
when p>0.05. Box plots and the frequency plots were constructed using 
SPSS ver. 16.0. 

Results
Out of 50 selected anti-CCP positive RA patients 92 % were found 

to be positive for the Rheumatoid (RA) factor test having RA factor 
values above the normal range of 0-20 IU/ml. The RA factor values 
fluctuated within a very wide range of 11-380 IU/ml having mean ± SD 
value of 135.9 ± 91.4 IU/ml (Table 1). In contrast, 88% of the control 
patients (anti-CCP negative) were found to be RA factor negative with a 
mean value of 14.0 ± 5.5 IU/ml. The calculated t value of patients versus 
control for the RA factor was found to be 9.45 (p ≤ 0.001) indicating 
significant differences in the distribution of the RA factors in the RA 
patients and control samples. The sensitivity and specificity of the RA 
factor estimation were found to be 92% and 88% respectively. The 
mean CRP value in the RA patients was found to be 46.4 ± 42.9 mg/dl 
whereas in the control samples it was found to be 2.2 ± 1.6 mg/dl which 
is well within the normal clinical range (Table 1). Thus considerable 
differences also exist in case of CRP levels among the patients and the 
control samples, which is supported by the t-test. The estimated ASO 
titre also showed considerable differences among the RA patients and 
the controls with mean ± SD values of 147.5± 107.8 IU/ml and 83.1 ± 
49.7 IU/ml respectively (Table 1). The estimated ESR values in the RA 
and the control subjects were found to be 37.6 ± 23.0 and 12.7 ± 4.1 
mm/hr respectively. 

The box plot analyses were also performed based on the quantitative 
estimation of the four essential clinical parameters of Rheumatoid 
Arthritis namely RA factor, CRP, ASO titre and ESR (Figure 1a). 
The box plots revealed that there exist considerable differences in the 
distribution of each of the four clinical parameters among the patients 
and the control samples. It can also be observed that each of the four 
clinical parameters have shown considerable fluctuations in 50% of 
the RA patients, whereas such wide range distribution could not be 
observed for the control samples except for the moderate fluctuations 
in the ASO titre. From Figure 1b it can be seen that the frequencies of 
the distribution of the above mentioned four parameters varied over 
a very wide range of values compared to that in the control samples. 
However, as evident from the Figure 1b, minor variations in the 
frequency distribution of two parameters namely ASO titre and ESR 
were also observed in case of the controls.

The two other parameters i.e. plasma ceruloplasmin and serum 
creatinine, which are generally not considered as conventional 
parameters for RA diagnosis, were then compared with RA factor level 
in the RA patients and the control samples with the help of scatterplot 
(Figure 2). Surprisingly in both the cases the scatterplots showed 
positive correlation with an upwardly directed linear trendline.

Correlation analyses were also performed among the different 
parameters for the RA patients (Table 2). From the correlation table 
it was evident that the correlation coefficients between RA factor and 
other five parameters were all greater than 0.5 with RA versus CRP value 

Figure 2: Scatterplot analyses to show RA factor vs Ceruloplasmin and RA factor 
vs. creatinine levels respectively in RA patients.

Figure 3: X ray photographs of the rat paw on the 21st and the 28th days of the 
experiment in different rat groups.

Figure 4: Line diagram shows (a) the ceruloplasmin level on the 21st and 28th day 
respectively in the different rat groups and also (b) creatinine level on the 28th day.
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leading the chart. One interesting observation was that no negative 
correlation was evident among the six clinical parameters. However, 
it was also found that among the RA patients, the lowest correlation 
coefficient was evident between ASO titre and creatinine level.

In rat model based analyses, it was observed that with the 
exception of non-arthritic positive control (NT) group, there was 
significant increase in paw circumferences in the FCA-induced 
arthritic group. The paw circumference in all the groups was presented 
in Table 3. Interestingly the paw circumference in treatment groups 
showed significant reduction after treatment with Aloe vera crude 
gel homogenate. Among the three experimental groups, 125 µl 
dose, corresponding to 20 mg dry gel/kg body weight, showed the 
maximum reduction rate of paw edema. Whereas 250 µl and 500 
µl doses, corresponding to 50 gm and 100 gm wet weight/kg body 
weights respectively, showed greater protection rates after the booster 
dose of FCA. However in the protective group (PG), 250 µl doses 
showed very minor paw swelling even after FCA injection in both 
the initial and booster doses. Similar results were also evident from 
the x-ray photographs where it was observed that in the protection 
group, the paw swelling was significantly lower compared to the other 
experimental groups (Figure 3).

The levels of ceruloplasmin and serum creatinine in the control 
and the experimental rat groups have also been presented in Figure 
4. It was clearly observed that the ceruloplasmin level was much 
more elevated in the arthritic group in comparison to the positive 
control group. However the administrations of Aloe vera plant 
extract in different doses have shown considerable reduction in the 
ceruloplasmin levels in varying degrees. In the EG125 group, it was 
found that the ceruloplasmin level was almost reduced to normal level 
when measured on the 21st day whereas the ceruloplasmin level went 
high on the 28th day. In case of EG250 and EG500 groups, we found 
that the ceruloplasmin level was not only reduced from that of the AG 
but was also maintained at a steady state both on the 21st and 28th day. 
Interestingly, it was found that the Protection Group (PG) did not 
show any elevations in their plasma ceruloplasmin during both the 21st 
and 28th day of the experiments. In serum creatinine assay, it was found 
that all the experimental groups showed lowered levels compared to 
the Arthritic Group (AG). However, unlike the ceruloplasmin results, 
we found no significant reduction in creatinine level in the PG group 
compared to the negative control group. 

Discussion
A good number of observations were derived from the results 

of the estimation of the different clinical parameters that we have 
conducted on the blood samples of 50 RA patients and 50 control 
subjects. Interestingly it was observed that none of the four clinical 
parameters were 100% positive (above the threshold value) in all the 
affected individuals as were also evident from their sensitivity and 
specificity measures. These discrepancies have been explained below. 
In case of RA factor, it was found that 92% of the patients had values 
above the threshold level while 8% had lower values. When compared 
to data of other populations, it was found that in case of the Korean 
population, 80.56% of the RA patients were found to be RF positive 
while 19.44 were RF negative [17]. In a similar study conducted on the 
Iranian population, it was found that 66.5% of the RA patients were 
RF positive while 33.5 were negative [18]. In another study based on 
Turkish patients, it was found that 53.335 were RF positive while 46.67 
were RF negative [19]. These variations may be the outcome of some 
peculiar fundamental facts. RA factor is the antibody against the FC 

portion of the IgG and it may belong to different isotypes e.g. IgM, 
IgE, IgG, IgA and IgD and thus their detection may vary based on the 
proportion of the different isotypes present in the serum. Moreover, 
diagnosis of the RA factors in the patients suffering for not more 
than 6 months may result as seronegative, who may become positive 
during the progression of the disease. In fact three patients in our study 
population, who were diagnosed as seronegative, had a history of only 
4 month suffering. However the sensitivity and specificity of the RA 
factor test as calculated in our study are 92% and 88% respectively. 
Therefore it could be said that the test of RA factor may prove beneficial 
and is an essential clinical parameter for evaluating the disease 
prognosis provided it is accompanied by other parametric evaluations 
for confirmation of the results. Moreover from Table 1 it is observed 
that the odds of exposure to RA factor were greater by 84.33% among 
the RA patients compared to the control. The CRP and ESR are the two 
primary parameters which are frequently used for the clinical detection 
of acute phase reactions like inflammations. The concentration of these 
two parameters become relatively high during inflammation compared 
to normal level. Moreover they have a relatively short time lag from 
the moment of stimulus, and are cost-effective. CRP is a very sensitive 
parameter in detection of inflammation and therefore was included 
in our study. In a study conducted in a Pakistani population it was 
found that the CRP values ranged between 11.2 to 108 mg/dl with a 
mean value of 39.1mg/dl in severe RA condition, while the ESR values 
ranged between 12 to 146 mm/hr with a mean value of 62.5 mm/hr 
[20]. In another study conducted in Chandigarh, the mean CRP and 
ESR values were found to be 22.8 mg/dl and 51.3 mm/hr respectively 
[21]. Thus these already published results are very much comparable 
to our reports. CRP is produced in the liver induced by monocytes 
and macrophages derived pro-inflammatory responses. These 
proinflammatory responses triggers increased secretion of interleukin 
–1β (IL-1β) and tumor necrosis factor – α(TNF-α), which via the release 
of interleukin 6 (IL-6) stimulate the liver to secrete CRP. Recent studies 
have suggested the direct contribution of the CRP in the inflammatory 
activities, where it stimulates secretion of inflammatory cytokines 
such as IL-1β, IL-6 and TNF-α from the monocytes and also directly 
provides pro-inflammatory stimulus to phagocytic cells [22,23]. CRP 
is also the only independent determinant of microvascular endothelial 
dysfunction in patients with RA [24]. On the other hand, the basic 
principle underlying the estimation of ESR is that the erythrocytes 
normally repel each other due to the net negative charges. However, 
at the time of acute phase reactions, positively charged high molecular 
weight proteins such as fibrinogens, present in the blood, increase in 
amount and promote rouleaux formation which further increases the 
ESR. Inflammatory processes play a pivotal role in the pathogenesis of 
RA and therefore these two parameters are also considered important 
measures of RA prognosis. However, sometimes severe inflammation 
does not corroborate the prognosis of RA and clinicians have to depend 
on other diagnostic features for determining RA. As evident from our 
results, both CRP and ESR are not always present above the threshold 
value in case of the RA patients though they are positive for 74% and 
78% respectively. This may happen due to the lack of prominent acute 
phase reactions in some of the patients. This may also occur because of 
the tendency of these parameters to return to lower values if measured 
during early phases of the disease. However the sensitivities and 
specificities of both these tests were quite high thereby assuring us to 
keep our faith on these tests in RA diagnostic purposes. The ASO titre 
is another essential parameter for the diagnosis of RA. This test was 
employed in our experiments to detect the rheumatic fever caused 
by environmental triggers like streptococci infection. It measures 
the plasma levels of anti-streptolysin O antibodies produced against 
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streptolysin of different streptococcal strains. It has been observed that 
out of 50 samples only 11 samples had higher than 200 IU/ml ASO 
titre values. However it is clearly evident that the mean ASO titre value 
was higher in case of the RA patients compared to the control samples 
(Table 1) which may have resulted due to the presence of ASO positive 
patients having ASO titre above threshold value (200 IU/ml). Francois 
(1965) [25] has shown significantly higher prevalence of 3-haemolytic 
streptococci of Groups A, C, and G at any point of the study duration in 
the RA patients compared to control samples which he assumed to be 
due in part to a slightly higher acquisition rate, but mainly to a reduced 
elimination rate. Thus due to lower elimination rate, prolonged 
infection may lead to higher antibody response and this statement may 
justify the facts that although raised anti-streptolysin-O titres (>150 
IU/ml) were found in both the groups, their numbers were higher in 
RA patients compared to the controls and also more higher titres (>300 
U) were significantly found in the RA patients but such high values 
of ASO titre were not observed in the control samples (Figure 1b). 
One interesting observation was that the sensitivity of the test was as 
low as 22% which may result due to the presence of only 11 patients 
having positive titre result i.e. ASO>200 IU/ml, but on the contrary, 
the specificity was 100% indicating the negative outcome of the test 
result in absence of acute phase reactions which is an well-established 
pathophysiological condition in case of rheumatoid arthritis. Thus 
ASO titre may also prove useful in the diagnosis of RA.

It is interesting to note that the plasma ceruloplasmin and creatinine 
showed significant differences in their levels in the RA patient and 
the control blood samples though they are not generally considered 
as essential diagnostic tool for RA diagnosis. Serum ceruloplasmin 
was selected for the study because of its high correlation with serum 
antioxidant property which have already been reported elsewhere 

[26] and may have considerable protective role [27,28] especially in 
presence of tissue damage or destruction. In a study conducted in 
Poland, mean ceruloplasmin level was found to be 0.3 g/L which is very 
much comparable to our data [29]. Serum creatinine estimation has 
been carried out in this study as it is an important metabolic by-product 
of creatine which in turn is a very crucial amino acid for building and 
repairing of muscular tissues.

Increased level of plasma ceruloplasmin level during inflammation 
may occur due to an increased production of interleukins such as 
IL1 and IL6 in the RA patients which stimulate the hepatocytes to 
release and increase the amount of ceruloplasmin into the blood. As 
evident from our study, such rise of ceruloplasmin level in case of 
RA patients was also evident from other previously published reports 
[26]. Previous reports have also shown highly significant correlation 
between the serum ceruloplasmin and serum antioxidant activity 
[26] and thereby supporting the concept that ceruloplasmin may be 
responsible for actively governing the serum antioxidant activity [30] 
which when increased may be an important component of the systemic 
inflammatory response. On the other hand the creatinine level showed 
moderate differences in between the RA and the control blood samples. 
Blood creatinine generally shows a rise only after marked damage of 
nephrons which is observed in patients having long term RA and 
inflammatory responses. Thus it may not serve as a very potent tool 
for early diagnosis of RA but can be useful for detection and treatment 
of nephropathy during late Rheumatoid Arthritis. Moreover these two 
tests have considerable sensitivity and specificity indicating that their 
results may prove affirmative with that of the other above mentioned 
tests for RA diagnosis.

In case of the rat model it was found that considerable foot swelling 

Parameters Normal Range RA patients (n=50) Control Subjects (n=50) T-value Odds Ratio Relative Risk Sensitivity (%) Specificity (%)
Age 47.2 ± 14.0 35.1 ± 11.4

RA factor (IU/ml) 0-20.0 IU/ml 135.9 ± 91.4 14.0 ± 5.5 9.45*** 84.33 7.67 92 88
CRP (mg/dl) 0-6 mg/dl 46.4 ± 42.9 2.2 ± 1.6 7.32*** 44.59 12.33 74 94
ASO (IU/ml) 0-200 IU/ml 147.5 ± 107.8 83.1 ± 49.7 3.66*** 29.41 23.00 22 100

ESR  (mm/hour) 0-20 mm/hour 37.6 ± 23.0 12.7 ± 4.5 8.01*** 31.91 7.80 78 90
Ceruloplasmin (mg/dl) 20-35 mg/dl 42.1 ±  11 23.8 ± 6.1 8.96*** 34.62 12.50 65.79 94.74

Creatinine (mg/dl) 0.6-1.2 mg/dl 1.5 ± 0.6 0.9 ± 0.2 5.79*** 11.69 5.50 57.89 89.47

*p<0.05, **p<0.01, ***p<0.001.
Table 1: Statistical analyses of the different clinical parameters of the Rheumatoid Arthritic patients  and control subjects.

 RA CRP ASO ESR Cerulo plasmin Creatinine 
RA 1.00

CRP 0.73 1.00
ASO 0.65 0.48 1.00
ESR 0.71 0.72 0.63 1.00

Ceruloplasmin 0.57 0.52 0.38 0.40 1.00
Creatinine 0.60 0.65 0.22 0.48 0.62 1.00

Table 2: Correlation coefficient of the different clinical parameters in the Rheumatoid Arthritis patients.

Days
Groups 1 4 7 10 13 16 19 23 27

+ Control(NT) 22.57 23.76 22.46 23.24 22.84 22.56 22.29 22.14 21.99
- Control(AG) 22.38 32.00 28.28 26.84 26.02 25.14 32.85 30.80 26.98

EG-125 21.63 27.17 25.54 23.63 23.21 23.27 29.21 27.55 25.04
EG-250 22.75 27.67 25.84 24.75 24.00 23.44 26.53 26.42 24.36
EG-500 22.86 26.00 25.47 25.17 23.94 22.92 26.43 26.25 24.69

Protective (PG) 22.21 22.39 22.14 22.24 21.98 21.78 24.18 22.92 22.95

Table 3: Measurement of paw circumference (mm) of different rat groups in different days.
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and increased paw circumference induced by FCA injection in the 
Arthritic rat group were also accompanied by significant increase in 
serum ceruloplasmin and creatinine levels in this group compared to 
that of the non-treated or the positive control groups. In both the 21st 

and 28th days, there was significant increase of ceruloplasmin levels in 
arthritic group. Thus the above mentioned similarity between human 
and the rat models in the distribution of ceruloplasmin and creatinine 
in the arthritic and the normal population strongly suggest the efficacy 
of the rat model for various pharmaceutical and clinical experiments 
targeted towards the Rheumatoid Arthritis therapy in the humans.

It was found that the paw circumference was decreased towards 
the normal state on applying Aloe vera gel in the experimental rat 
groups. It clearly indicated the rapid regression of the foot swelling 
in the experimental groups compared to the negative control or the 
arthritic groups (Figure 3 and Table 3). The differences in the mean 
paw circumference between the members of the experimental and the 
negative control (AG) groups started to increase from the 3rd day. Paw 
swelling reverted back almost to the normal condition within 10th day 
in all the experimental groups while the swelling was retained in the 
negative control (Arthritic group) rats throughout the experiment. 
The same feature was also observed after the booster injection of 
FCA. Moreover, X-ray photographs (Figure 3) have clearly indicated 
that in case of the arthritis induced rats, the hind paw joints appeared 
loosened and the spaces increased in between the joints, confirming 
the diseased state in the arthritic rats [31]. Thus, it can be clearly 
said that these two parameters can be used as effective visual tool for 
understanding the disease severity. The treatment groups showed a 
tendency to restore the joint structure towards the normal state (Figure 
3). Moreover, the decreased levels of ceruloplasmin in the experimental 
groups were evident compared to the negative controls which confirm 
the efficacious role of Aloe vera gel in lowering the ceruloplasmin level. 
Interestingly, the protective group showed no significant difference in 
the ceruloplasmin levels when compared with the Non-Treated (NT) 
group rats, both on 21st and 28th day, indicating the strong protective 
role of Aloe vera in the amelioration of rheumatoid arthritis.

Serum creatinine concentration increased in the negative control 
arthritic group rats when compared to the normal rats (p>0.05) but 
rats of all the other experimental groups showed no significant change 
when compared to the positive control rats. This observation indicated 
that the level of creatinine is normal (p>0.05). However the protective 
group did not show any effect on the creatinine level probably because 
this factor increases due to increasing nephropathy in case of long term 
RA. In correlation with other biochemical parameters examined in this 
part of the study, it can be said that Aloe vera plays a significant role in 
amelioration of rheumatoid arthritis induced paw edema.

In conclusion, the work can be summarized with three principal 
sentences. Firstly, six clinical parameters that we have selected for 
the study like, RA factor, CRP, ASO, ESR, ceruloplasmin and serum 
creatinine, are all essential for the differential diagnosis of RA during its 
early and later stages. Secondly, this study has supported the justification 
of the experimentation on rat model for designing the therapeutic 
strategies against Rheumatoid Arthritis in humans. Lastly, as evident 
from our study, Aloe vera extracts can be beneficial for the reduction of 
inflammatory edema and also for the reduction of ceruloplasmin in RA 
condition in rat model. However, further investigations are necessary 
for more refined therapeutic usage of Aloe vera for the treatment of RA 
in humans.
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Aloe vera (L.) Burm. f. (Xanthorrhoeaceae) has been used traditionally as a wound healer and an anti-inflammatory 
medication. The Aloe gel has natural combination of different bio-active compounds and is commonly consumed or applied 
in crude condition. We have used unprocessed Aloe gel homogenate in acute and chronic inflammatory Wistar albino male 
rat models to investigate its properties in a systematic way. Chronic inflammatory arthritic model was established by 
injecting 0.1 ml Freund’s Complete Adjuvant (FCA) in the hind paw of rat. Radiograph, histology, hematological and 
biochemical properties of the serum were used to determine the ameliorative role of crude Aloe gel homogenate in the rat 
experimental groups in vivo. Acute inflammatory rat model was established using sub-cutaneous cotton pellet induction.  
The weight of dried cotton pellets were determined to estimate the extent of granuloma formation. A. vera crude gel 
inhibited paw swelling up to 65.59 % in experimental groups of arthritic rats and decreased the granuloma formation up to 
25 % in cotton pellet induced inflammatory rats. It is well evidenced from the experiments that unprocessed A. vera crude 
gel possesses a good anti-inflammatory property for both chronic and acute types when fed at a dose of 0.40 gm/kg body 
weight. 
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Inflammation is the immediate manifestation of the 
triggering of immune system against any infiltrating 
pathogen in the host body, expressed by means of 
redness, swelling, pain and heat generation. The 
etiology of inflammation and inflammatory diseases 
such as rheumatoid arthritis (RA) is not well 
understood till date. The clinical symptoms of the 
inflammatory RA are inflammation and swelling of 
the joints. This leads to the damage of bone and 
cartilage and as a result finally disrupts the joint 
structure and function1. Recent treatment strategies 
like cytokine therapy (anti-TNFα therapy) or disease 
modifying anti-rheumatic drugs (DMARDs) regime 
can only suppress the disease. The disease flares up 
whenever the treatment is stopped. In past few 
decades researchers have shown interest in the herbal 
products which are reported to ameliorate disease in 
ancient Ayurvedic system. The intention of the present 
work was to reveal the synergistic effect of crude  

Aloe gel on structural, biochemical and hematological 
parameters in RA. Aloe vera (L.) Burm. f. 
(Xanthorrhoeaceae) is a stem-less or short-
stemmed succulent plant growing up to 60–100 cm 
(24–39 in) tall, spreading by offsets. The leaves are 
thick and fleshy, green to grey-green, with some 
varieties showing white flecks on their upper and 
lower stem surfaces. The margin of the leaf 
is serrated and has small white teeth. The flowers are 
produced in summer on a spike up. It is found all over 
the North-Eastern India and sub-Himalayan region 
and is being traditionally used in various skin 
ailments2. The gel is consumed or applied topically to 
reduce joints pain. Phytochemical screening of  
A. vera has confirmed the presence of flavonoids, 
alkaloids, resins, tannins, steroids and other chemical 
substances3. Anti-inflammatory properties of the 
crude A. vera gel in wound healing, carrageenan 
induced paw oedemal model of rats have also been 
documented4,5,6,7. Experiment-based chronic and acute 
anti-inflammatory properties of this agent are not well 
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documented though it is used traditionally as anti-
inflammatory agent in Ayurveda. Therefore, we have 
tried to investigate the role of wild A. vera raw gel in 
both chronic and acute inflammation by studying 
appropriate parameters in appropriate rat model, 
which are established standard models for research in 
experimental inflammation. The gel was used in crude 
form as we hypothesize that the bioactive compounds 
present in A. vera in different proportions may act 
synergistically for better result. In other words, 
isolated bioactive chemical(s) may not act optimally. 
Moreover, ethnic people consume it in crude 
condition as medicine and therefore it is important to 
know the effect of this gel in a crude condition. 

Therefore, the present study was designed to 
evaluate the anti-inflammatory activities of raw or 
unprocessed Aloe gel and its effects in FCA-induced 
arthritic rats and cotton pellet induced inflammatory 
rats through radiology, hematology, biochemical and 
biometric parameters. 
 
Methodology 
Collection of plant specimens 

Naturalized Aloe vera (L.) Burm. f. (Family: 
Xanthorrhoeaceae) plants were collected from the 
sub-Himalayan Terai areas of northern West Bengal, 
India and were identified in the Department of 
Botany, University of North Bengal. The voucher 
specimen was deposited in the NBU herbarium 
(Accession No. NBU09884). 
 
Preparation of extract 

The leaf gel was collected by peeling out the outer 
cuticle and cutting out the gel aseptically into  
small pieces. The gel was mixed with distilled water 
(1:5 w/v) and then homogenized to create a crude 
homogenate. The sample was freshly prepared every 
time before use. The experimental animal groups 
were fed with 125 µl and 250 µl of the homogenates. 
To determine the dry weight, pieces of A. vera gel 
was weighed and then dried separately in an air oven 
at 37 ºC for 48 hrs.  
 
Experimental animals 

Wistar albino male rats (80-100 gm) used for all 
the experiments were procured from an authorized 
animal dealer (Ghosh Enterprise, Kolkata, India). 
Animals were kept in polypropylene cages (max. 4 
rats per cage) and maintained at a room temperature 
of 25 ± 3°C. Rats were maintained in the laboratory 
with standard feed and water ad libitum. The study 

was approved by the Institutional Animal Ethical 
Committee (IAEC) of CPCSEA (Committee for the 
Purpose of Control and Supervision of Experiments 
on Animals) of the University of North Bengal, West 
Bengal, India. 
 
Induction of chronic and acute inflammation 

Adjuvant induced Arthritis (AIA) model was 
produced as chronic inflammatory model as per the 
method described by Bendele et al. (1999)8. All the 
animals were administered a dose of 0.1ml of FCA in 
the left hind paw interplanetary except the positive 
control group. The animals were administered a dose 
of 0.1ml FCA again on the same region to boost up 
the immune response on the 14th day. The paw 
diameter was measured with the help of a vernier 
caliper and recorded at regular intervals of 2 or  
3 days. Acute inflammation was induced by cotton 
pellet granuloma model. This method was adopted 
from Penn (1963)9 with slight modifications, which 
was carried out by using sterilized cotton pellet 
implantation method in rats10. Under light ether 
anesthesia subcutaneous tunnel was made by using 
blunted forceps and the sterilized cotton pellets  
(25 ± 1 mg) were implanted in one side of the 
vertebra of each rat. 
 
Experimental setup 

Wister male rats were considered as the 
experimental animals in both the anti-arthritic and 
anti-inflammatory experiments. For chronic 
inflammatory test, in anti-arthritic rat models, animals 
were divided into 5 groups, each containing 10 rats. 
The first two groups were considered as the Control 
groups. Among them one group was considered as 
non-treated or positive control (PC) having neither 
FCA nor A. vera and the other group was considered 
as negative control (NC) in which only FCA injection 
was given but no treatment was administered. The 
third and the fourth groups were considered as 
experimental groups (EGs). These groups were 
treated with A. vera doses of 125µl (125D) and 250 µl 
(250D) respectively corresponding to 25 gm wet 
gel/60 kg body weight (20 mg dry weight/kg body 
weight) and 50 gm wet gel/60 kg body weight (40 mg 
dry weight/kg body weight). The doses were 
empirically calculated on the basis of daily 
consumption of 50 gm of A. vera in a man weighing 
60 kg, although the absorption rates may differ 
considerably between rat and human systems. The 
fifth group was the Protective group (PG) in which 
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125 µl of A. vera (25gm wet gel /60 kg body weight 
or 20 mg dry weight/kg body weight) was given for 7 
days prior to FCA injection. Five rats from all the 
groups were sacrificed on the 21st day of experiment, 
while the rest were sacrificed on the 28th day as per 
our experimental design to measure the different 
parameters in different times. The left hind paws of 
all the animals of 5 groups were separated out from 
the body after sacrifice and were subjected to 
radiological and histological analyses. Blood samples 
were collected using insulin syringes from the hearts 
and were subjected to different hematological and 
biochemical tests. 

Acute inflammation model was established by 
cotton pellet induced granuloma formation in rat. Four 
groups of animals, including a control and a standard 
group, were selected for the experiments, each group 
comprising of 4 rats. The control group (Control) was 
left without any treatment. The standard group 
(Standard) animals were fed with indomethacin, as a 
control drug, at a concentration of 4 mg/kg body 
weight. Third and fourth groups were experimental 
groups namely AV1 and AV2, treated with 125 µl and 
250 µl A. vera crude gel homogenates respectively as 
in anti-arthritic experiments. The experimental animals 
were sacrificed on the 8th day and the dry weight of 
each granuloma was measured11. 
 
Parameters for anti-arthritic tests 
Biometric studies 

Body weight was recorded at regular intervals. Rats 
from all the groups were subjected to radiographic 
study. After dissection, the joints were taken 
immediately for radiography. Measurement of paw 
circumference was done with the help of a vernier 
caliper and circumference was measured using the 
formula: 2π [√ (A2+B2)] /2, where A and B are 
measures of diameter at two different planes of paw 
taken with the help of Vernier Caliper)12, 13 (Fig. 1). 
 
Histological studies 

Samples were preserved in 10% formaldehyde after 
radiographic analysis. Decalcification of the 
histological samples was done in 3% HCl for 4 days 
followed by paraffin block preparation. Histological 
sections were made along the longitudinal plane of 
joint axis and were stained in hematoxylin-eosin stain 
following standard protocols.  
 
Hematological studies 

Hematological parameters included RBC total 
count, WBC total count using hemocytometer  

and hemoglobin estimation by using Sahli’s 
hemoglobinometer.  
 
Biochemical studies 

Total blood glucose estimation was done by  
ortho-toluidine method14 to estimate the effects of 
Aloe gel on blood glucose level of rats. Total protein 
was estimated by Coral Total Protein Kit (Coral 
Clinical Systems, Goa, India) (Biuret method) 
according to the manufacturer’s protocol. Total 
albumin estimation was done using the Coral Total 
Albumin Kit (Coral Clinical Systems, Goa, India) 
(BCG method). Serum ceruloplasmin estimation was 
done using p-phenylenediamine oxidase activity 
spectro-photometrically15. The levels of serum 
creatinine were measured spectrophotometrically by 
studying reactions between creatinine and alkaline 
picrate16. 
 
Parameters for anti-inflammatory tests 

Animals of all groups were sacrificed on the 8th day 
by cervical dislocation and the pellets were removed, 
freed from extraneous tissue and dried at 60 ºC for  
24 hrs. The percentage inhibitions of the dry weight 
of the granuloma were calculated and compared11. 
 
Statistical analysis 

All statistical analyses were done using the  
MS-Excel 2007 and Kyplot ver 2.0 Beta. In Kyplot 
analysis, the data represented mean ± SD which was 
analyzed by one way ANOVA. The results were 
considered significant when p≤0.05. 
 
Results 

There was significant increase in paw 
circumference in every arthritic group except the non-
arthritic positive control group (Fig. 1). But paw 
circumference in the experimental groups showed 
significant reduction after treatment with A. vera 
crude gel homogenate. 125 µl doses showed the 
maximum reduction rates, whereas 250 µl dose 
elicited greater protection rates after the booster dose 
of FCA. 125D, 250D and PG groups showed 23.30%, 
65.59% and 83.79% less swelling after the 28th day of 
experiment commencement. In the PG, 125 µl doses 
showed very less paw swelling after FCA injection in 
both initial and booster dose injections signifying the 
protective property of the plant against arthritis. 
Radiographs further confirmed the role of A. vera gel 
in arthritis (Fig. 2). Histological observations showed 
less affected cartilage and joints in all experimental 
groups when compared to negative control. Cellular 
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infiltration and cartilage damage was less in all the 
experimental groups (Fig. 3). The hematological 
parameters showed decrement in RBC and 
hemoglobin counts in arthritic condition, whereas 
WBC count increased significantly. The treatment 
with A. vera in experimental groups brought back the 
parameters toward their normal levels. However, 
protective group (PG) showed more or less normal 
levels of all the parameters in both experimental time 
points (day 21 and 28) (Table 1). 

There was no significant change in the blood sugar 
level in both arthritic and non-arthritic rats (CG, EG 
and PGs) (data not shown). In all the groups, the 
blood glucose level remained <100 mg/dl. Arthritic 
rats showed a significant decrease in the total protein 
level that was restored within their normal ranges 
after Aloe gel treatment. In both 21st and 28th day of 
experiment, the protective group showed increased 
total protein compared to other EGs (Fig. 4 &  
Table 2). Confirming the role of Aloe gel treatment 
regime on serum protein level, the experimental 

groups showed elevated levels of serum albumin on 
21st day than the negative control group. The 
protective group animals showed greater level of 
albumin that approached towards the normal value 
showing the protective property of the plant (Table 2). 
The experimental groups restored the elevated levels 
of serum ceruloplasmin after treating with A. vera gel. 
In all the cases the protective group showed normal 
ceruloplasmin level (Fig. 4). Arthritic rats showed an 
increase in serum creatinine level on the 21st day. 
However, the value of creatinine decreased 
significantly towards the normal value in 
experimental groups. Protective group also showed 
decreased level of serum creatinine compared to the 
negative controls (Table 2). Standard group had a 
mean weight of dry cotton pellet 0.051±0.006 gm. 
AV1 and AV2 measured for 0.053±0.007 and 
0.057±0.005 gm. Control group had the mean weight 
of 0.062±0.007 gm (Fig. 5). 

 

 
 
Fig. 1—Comparison of rat paw edema expressed in circumference 
(mm) in different experimental groups. PG shows maximum 
protection against the paw swelling than that of the NC. 

 
 
Fig. 3—Longitudinal sections of rat hind paw joints stained in hematoxylin-eosin on the 21st day of treatment in different groups of rats. 
Black arrows (     ) indicate cartilage breakdown and hollow arrows (     ) indicate immune cell infiltration in the joint. Inset indicates 
40X magnification of a region within the 10X region. 

 
 
Fig. 2—Radiographs of control and experimental rats on the 21st 
(upper panel) and the 28th (lower panel) days of FCA injection 
comparing effects of Aloe vera treatment. 
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Table 1—Hematological parameters of different experimental rat groups expressed as mean value of the group. Data represented  
in the form of mean ± standard deviation.  

 RBC (7-10x106/mm3) WBC (6-17x104/mm3) Hemoglobin (11-18 gm/dl) 
Days 21st Day 28st Day 21st Day 28st Day 21st Day 28st Day 
PC 9270000±490408 9270000 ±732802 5100± 503 5500 ±683 11.6±0.56 12.8±0.58 
NC 5430000 ±485283 

a*** 
6240000 ±693181 

a*** 
7200± 489 

a*** 
6900 ± 600 

a* 
7.20±0.52 

a*** 
7.80±0.46 

a*** 
125D 8440000 ±674907 

b*** 
8880000 ±737054 

b*** 
5700± 382 

b** 
5900±600 

b 10.5±0.72b*** 11.0±1.06 
b*** 

250D 7920000 ±442436 
b*** 

8840000 ±763544 
b*** 

6200± 516 
b* 

6600±765 
b 

11.2 ±0.79 
b*** 

10.2±1.08 
b** 

PG 8760000 ±571182 
b*** 

8450000 ±325960 
b*** 

5300± 382 
b* 

5400±516 
b** 

10.8±0.66 
b*** 

10.0±1.24 
b** 

a = comparison between NT (+ control) and other groups, b = comparison between NC (- control) and other groups, *** = significant at P 
≤ 0.001; **= significant at P≤0.01; * = significant at P ≤ 0.05; ( ) = normal ranges in rats according to CPCSEA, MoEF, India 
 

 
 

Fig. 4—Comparison of total protein on the 21st day (a) and the 
28th day (b) in different groups or rats. Comparison of 
ceruloplasmin in different groups of rats is shown on 21st day (c) 
and 28th day (d). NS: Non significant (*** = significant at  
P ≤ 0.001; ** = significant at P≤ 0.01; * = significant at P ≤ 0.05). 
 
Discussion 

The measurements of rat paw circumference 
clearly indicated that the swelling was regressed 
rapidly in the experimental groups (Fig. 1). The 
difference in the mean paw circumference between 
the experimental and the negative control groups 
started to diverge from the 3rd day and swelling 
approached almost normal state within 10th day in all 
the experimental groups, while negative control rats 
retained the swellings. The same feature was also 
observed after the booster dose of FCA. At the end of 
the 28 day treatment schedule, all the experimental 
groups showed significant less swelling, respectively 
when compared with the NC group, which strongly 
supports the ameliorative property of the crude 
extract. Moreover, the paw swelling in  the  protective  

Table 2—Measurement of serum total protein, albumin and 
creatinine in different experimental rat groups (mean ± S.D.) 

 Total protein 
(gm/dl) 

Total protein 
(gm/dl) 

Albumin 
(gm/dl) 

Creatinine 
(mg/dl) 

 21st Day 28st Day 21st Day 21st Day 
PC 9.12±0.50 9.871±0.52 6.958±0.02 2.922±0.22 
NC 4.430±0. 48 4.89±0.15 3.312±0.06 4.856±0.07 
125D 4.702±0.10 5.280±0.23 3.951±0.05 3.755±0.03 
250D 5.821±0.16 5.891±0.12 3.730±0.02 2.970±0.06 
PG 7.806±0.31 6.378±0.13 3.825±0.07 2.908±0.12 
 

group (PG) was negligible compared to the negative 
control (NC) group. In the radiography data, the intact 
structures of the joint appeared loosened and the 
increment of space in between the joints (Fig. 2) 
confirmed the diseased state in the arthritic rats. The 
treated groups showed a tendency to restore the joint 
structure towards normalcy (Fig. 2). Histological 
observations clearly showed that the treated groups 
had less cellular infiltration in the cartilage compared 
to the negative controls (Fig. 3). The structure of the 
cartilage layer showed more breaks and uneven lining 
in the negative control group rat joints. These 
observations confirmed that the cartilage layer is 
protected when treated with A. vera. Interestingly, PG 
showed a very well formed joints structure with very 
little cellular infiltration with even and clear cartilage 
lining (Fig. 3). RBC count usually decreases in 
arthritic conditions. This is because the bone marrow 
loses its normal functioning and fails to respond to 
anemic condition17. The RBC count increased 
significantly in experimental groups after 21st and 28th 
days (Table 1). There was no significant difference 
between the experimental groups and the positive 
control group (PC). The results indicated that  
the RBC count reached almost the normal level  when  
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Fig. 5—Cotton pellet test showing the anti-inflammatory property 
of Aloe vera. AV1 shows better result compared to AV2. The 
standard group shows the best inhibition of granuloma formation. 
 

treated with A. vera. In contrast, WBC count 
increased in arthritic condition. This is because of the 
boosting of the immune system with antigens18  
(here FCA). The levels of WBC in experimental 
groups reached the normal values and showed no 
significant difference with the normal rats (Table 1). 
The hemoglobin count also showed similarity with the 
value of RBC, as low RBC count results in low 
hemoglobin levels. The experimental groups showed 
significant increase in hemoglobin when compared 
with the negative control group (Table 1). Blood 
glucose level >100 mg/dl is known to be normal in 
rats. The blood glucose level (data not shown) 
remained normal in every group of rats confirming 
that the physiology of glucose metabolism in not 
affected by the development of RA. No significant 
change within the groups is seen, as also reported by 
other researchers3. The level of total protein usually 
decreases during arthritis18. Rats of the negative 
control group showed a significant decrease in the 
total protein level (P≤ 0.05) in comparison to the 
positive control rats in both the experimental time 
points (21st and 28th days). All the experimental 
groups showed the tendency to increase the protein 
level with statistical significance. The levels of total 
protein between positive control and the protective 
group reflected no (or very less on 28th day) 
significance. It reflects the role of A. vera gel in 
maintaining total protein level of serum during RA 
(Fig. 4 & Table 2). However, there was an increase in 
the amount of total protein recorded between 21st to 
28th days of treatment. When compared to the 
increment of the body weight in these treatment 
groups, the role of protein synthesis in gaining the 
body weight is apparent. We have observed that the 
total albumin of all the rat groups in 21st day 
correlated with the total protein values. The total 

serum albumin level is reported to decrease in 
arthritic condition17. It can be postulated that the 
increased permeability of vascular cells during the 
arthritic inflammation may increase the diffusion of 
albumin into vascular tissue and thereby may decrease 
the level of serum albumin. The albumin level 
increased 1.15 folds in the protective group when 
compared to the negative controls, suggesting a role 
of Aloe crude gel homogenate in the restoration of 
serum albumin level (p>0.05) (Table 2). The 
experimental group rats also showed an increased 
albumin concentration when compared to the negative 
control group rats. However, the experimental results 
did not show much significant alteration in the 
albumin levels of arthritic group. This may be due to 
the small interval between the booster dose (day 14) 
and the day of the experiment (day 21), which was 
probably insufficient to restore the normal albumin 
levels in rats (Table 2). Longer study duration may 
establish a clearer picture. Ceruloplasmin is a major 
superoxide scavenger and increases during the 
rheumatoid arthritis condition18. The experimental rat 
groups showed a restoration of elevated serum 
ceruloplasmin levels after the treatment with A. vera 
gel (Fig. 4). In all the cases, the protective group (PG) 
showed normal ceruloplasmin levels (Fig. 4). In both 
the 21st and 28th days, there was significant increase of 
ceruloplasmin levels in negative control group  
(Fig. 4). For example, negative control showed 1.5 
fold increase in ceruloplasmin level on 21st day 
whereas 125D, 250D and PG showed 1.1 fold,  
1.2 fold and 1.1 fold increase, respectively, 
confirming the efficacious role of A. vera gel in the 
decrement of ceruloplasmin level (P≤0.05). 
Interestingly, both on 21st and 28th day, the protective 
group rats showed no significant difference in the 
ceruloplasmin levels when compared with that of the 
normal (PC) group rats confirming the significant 
protective role of A. vera in the amelioration of RA. 
Arthritic rats showed an increase in the serum 
creatinine level on 21st day (Table 2). However, serum 
creatinine concentration increased in the negative 
control rats when compared to the normal rats 
(P≤0.05) but all the other rats of the experimental 
group showed no significant change when compared 
to the positive control rats which indicated that the 
level of creatinine is normal (P>0.05). Protective 
group rats also showed normal creatinine level when 
compared to the positive control (P>0.05) (Table 2). 

From the results, it is clearly seen that oral 
administration of A. vera crude leaf gel can reduce 
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granuloma formation (Fig. 5). It was found that the 
extract elicited significant anti-inflammatory activities in 
AV1 and AV2 experimental group rats by reducing the 
dry weight of granuloma and inhibiting the migration of 
WBC. AV1 showed a better result with 25% reduction 
in granuloma than the control followed by 15% 
reduction in AV2 (Fig. 5). Hematological and serum 
biochemical parameters determine the protective role of 
the plant in the animal body. However, restoration of 
ceruloplasmin and creatinine levels indicates the 
restoration of non-toxic environment of the body. In our 
earlier work, toxicity of A. vera unprocessed gel on rat 
spleenocytes and macrophages were shown to be absent, 
rather the gel showed protective properties on the cells 
in 4 hrs cell culture system4. 

It is well evidenced from the experiments that 
unprocessed A. vera crude gel possessed a good anti-
inflammatory property for both chronic and acute 
types. Keeping in mind that all the physiological 
parameters need different time to restore, most of the 
critical parameters studied in the arthritic rats have 
shown significant changes during disease state and 
that were brought back to normal or near normal 
states during Aloe gel feeding. These biochemical 
experiments were strongly supported by the 
biometric, radiographic, hematological and 
histological parameters. Our results thus confirm that 
consumption of crude Aloe gel not only ameliorates 
RA conditions in the bone joints but also shows no 
notable side effects. The protective value of the gel 
was also demonstrated in animal model against 
subsequent development of RA. Changes in the 
immunological and cell biological parameters will be 
done in future to confirm the role of the plant in 
rheumatoid arthritis as well as inflammation. 
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ABSTRACT
Gas Chromatography Mass Spectrometry is an advanced technique to recognize individual compounds from a mixture
of compounds. Recently this technique has been extensively used in the identification of herbal constituents from
potential medicinal plant materials. Aloe vera (L.) Burm. F. (Family Xanthorrhoeaceae) is a naturalized plant found in all
over India. This plant is very commonly used by the ethnic people as food and medicinal resource for amelioration of
various diseases. In this study, GC-MS of the selected wild plant from the University of North Bengal campus has
revealed 61 major compounds with at least 16 compounds with biological activities. Aloe gel was collected and sample
was prepared using hexane as solvent. Qualitative detection of phytochemical components were done in Thermo
Scientific Trace 1300 GC and ISQ Mass spectrophotometer equipped with an AI/AS 1310 auto sampler in a 30 meter long
TG5ms column. Some major compounds isolated are ethyl iso-allocholate, octadecane, geldaramycin, astaxanthin,
picrotoxinin etc. All these compounds have documented biological activities in different diseases conditions. This
study re-establishes the importance of Aloe vera as a potent medicinal plant by exploring the phytoactive compounds
of the plant.

Key Words- Aloe vera gel, hexane, GC-MS.
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INTRODUCTION
Aloe vera (L.) Burm. F. (Family Xantho-

rrhoeaceae) is a very well known plant found in the
sub-Himalayan region. Aloe vera is a short-stemmed
or stemless succulent plant which grows up to
100 cm in height and spreads by offsets. The leaves
are thick, filled with parenchymal gel and are fleshy.
Colour varies from green to grey-green. Some
varieties have white spots and flecks on their upper
and lower stem surfaces. This plant is largely used
in Ayurveda and as a traditional dermal care product
for its phytochemical properties. Aloe vera contains
different phytochemical agents which are able to
cure different disease symptoms (Sujushe et al.,
2008). The plant is used widely in dermal diseases
and is a good laxative agent (Eshun and He, 2004).

It also represents compounds responsible for anti-
diabetic (Tanaka et al., 2006), anti-oxidant (Hu et
al. ,  2003), anti-microbial (Arunkumar and
Muthuselvan, 2009), wound healing (Davis et al.,
1989) and anti-inflammatory activities (Paul et al.,
2014). Topical use of the gel in dermal care and in
wound healing is also very accepted. This plant is
reported to have more than 200 phytochemical
compounds. In this study, the plant was collected
from the adjacent regions of University of North
Bengal and the phytochemicals were identified using
Gas Chromatography Mass Spectrometry.

Materials and Methods

Collection of the sample: Naturaly growing wild



10

Aloe vera (L.) Burm.  F.  (Class Magnoliopsida,
Order Asparagales, Family Xanthorrhoeaceae) was
collected from the adjacent regions of the University
of North Bengal campus. The sample was identified
by Prof. A. P. Das, plant taxonomist in the
Department of Botany, University of North Bengal
[Accession no. 09884 (NBU)].

Preparation of plant extract: Plant extract was
prepared in HPLC grade n-hexane which is a non-
polar solvent. The plant was collected, washed
thoroughly and the leaf was cut open to collect the
gel with the help of a sterilized scalpel. The gel was
then properly homogenized to prepare a slimy end
product. This slimy end product is then mixed with
n-hexane in 1:5 (w: v) ratio. The mixture was kept
in magnetic stirrer for 24 hours at room temperature.
Next day, the supernatant was collected, filtered
through Whatman No 1 filter paper and the filtrate
was dried completely using nitrogen flow as it is an
inert non-reactive gas. The dried end product was
re-suspended in hexane and was used for GC-MS
analysis.

Instrumentation and Chromatographic
conditions: The GC-MS analysis of n-hexane
extract of Aloe vera leaf gel was performed in
Thermo Scientific Trace 1300 GC associated with
ISQ Mass spectrophotometer. The machine was
equipped with an AI/AS 1310 auto sampler. The
experiment was done in TG 5 ms fused silica
capillary column of 30 m length, 0.25 mm diameter
and 0.25 in film thickness. The column oven
temperature was kept 80°C with of 5°C/min to
300°C gradual increase in steps; injection
temperature was set at 250°C at a pressure of 5
kPa, with total flow and column flow of 10 ml/min
and 1 ml/min, respectively. The purge flow rate was
3.0 ml/min. The GC program ion source and
interface temperature were 220°C and 300°C,
respectively, with solvent cut time of 5 min. The
MS program starting time was 5 min which ended
at 46.00 min with event time of 0.50 s, mass range
50 650. The sample volume of Aloe vera n-hexane

fraction was 1 ìl (split ratio 10:1). The samples were
repeatedly used to find the best result.

Data interpretation: The analysis of GC-MS
fragments and data interpretation was done using
Xcalibur software version 2.0.1.3 with the help of
the NIST Mass Spectral Search Programme for the
NIST/EPA/NIH Mass Spectral Library version
2.0g, built May 19, 2011.

RESULT

GC-MS analysis: The GC-MS analysis of n-hexane
fraction of Aloe vera has shown the presence of
61 major peaks each corresponding to a single
compound. We have found some principle
compounds which are already documented as
molecules with potent biological properties. The
principle anti-inflammatory and/or anti-arthritic
compounds from the plant are listed below in the
Table 1. The total chromatogram is presented in the
Figure 1.

DISCUSSION
Use of plant-derived drugs has got an

increased acceptance in the recent years throughout
the World. There is a continuous search of natural-
products for bioactive phyto-constituents that could
serve as drug leads for treatment of various human
ailments world-wide (Kalimuthu and Prabakaran,
2013). In the GC-MS analysis, 61 compounds are
identified by the NIST library search in which at
least 9 molecules are documented as potent agents
for different biological activities. Ethyl iso-allocholate
is a steroid derivative which has important anti-
bacterial, anti-oxidant, anti-tumor, cancer preventive,
chemopreventive and pesticidal activity. Fatty acids
like 9, 12, 15-Octadecatrienoic acid and Octadecane
are documented to have potent anti-arthritic and anti-
microbial activities. Antibiotic like geldaramycin is
anti-tumor antibiotic used in medicinal biology.
(5á)Pregnane-3,20á-diol which is a neuroactive
steroid, is involved in the neuromodulatory activity
in different model animal systems. Astaxanthin, a

Subhashis Paul, Tanmoy Dutta and Soumen Bhattacharjee
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Table 1: List of major phytocompounds isolated from Aloe vera gel and their biological activities with references.

Figure 1: Chromatogram of Aloe vera gel hexane fraction showing major peaks and their relative abundance. 9,12,15-
Octadecatrienoic acid, with reported anti-rheumatoid arthritis activity has been shown (inset).

GC-MS analysis of Aloe vera gel hexane fraction



12

remedy for diseases like Alzheimer’s disease and
Parkinson’s disease is also found from our GC-MS
analysis.

In Ayurveda, synergy is thought to be a
principle way of action that involves a mixture of
herbal products containing different bioactive
principles in natural proportion. In this study, the data
clearly states that the Aloe vera gel contains
different bioactive compounds which can cure
different diseased conditions and hence, it is very
good as a dietary supplement. Many ethnic
populations emphasize on limited regular
consumption of such plants in their medicinal
practices. Studies on Aloe vera phytocompouds by
other workers have also revealed similar compounds
from the plant. Similar fatty acids and steroidal

compounds are found from the analysis of other
workers as well (Lakshmi and Rajalakshmi, 2011).

CONCLUSION
The presence of various bioactive principles

in Aloe vera crude gel extract is an indication that
the plant could be used as a herbal drug of
pharmacological significance. However, the isolation
of individual constituents and their biological activities
will be of advanced medical significance.
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Abstract: Aloe vera is a commonly used plant in both food and medicine industry. The potential toxicological side-effects 
of prolonged intake of Aloe extract have not been evaluated in detail. This work presents an in-depth toxicological study of 
the crude unprocessed A. vera gel in experimental rats. Acute and sub-chronic toxicity was evaluated in a 1 to 28-day long 
feeding schedule of the aqueous homogenized gel material. Hemoglobin, total protein, high density lipoprotein (HDL), 
low density lipoprotein (LDL), cholesterol, triglyceride, serum creatinine, serum alanine transaminase (SGPT), aspartate 
transaminase (SGOT) and alkaline phosphatase were examined and kidney and liver histology was performed. In the 
acute toxicity test, the behavioral aspects were also considered. A molecular docking assay was performed to investigate 
the binding affinities of pure A. vera compounds with liver and kidney toxicological marker enzymes, in order to assess 
the probable mode of action of selected Aloe constituents. Solubility factors for the active constituents were also studied 
to determine their possible miscibility with body fluids. The results from in vivo tests provided no major toxicological 
indications. Crude Aloe gel consumption up to 4 g/kg body weight (b.w.) showed no toxicological side effects. From the 
structural standpoint, Aloe-based bioactive molecules, such as Aloe-emodin, acetophenone, β-sitosterol, cholestenol and 
squalene showed promising binding affinity to qualify as alternative and complementary medicines. The synergistic roles 
of all A. vera constituents remain to be validated in human disease models.

Keywords: Aloe vera; nociception; molecular docking; Aloe-emodin; hepatitis B viral protein
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INTRODUCTION

The genus Aloe has a long history of providing an ar-
ray of health benefits as a traditional medicine. With 
about 400 Aloe species, one of the most frequently 
used is Aloe vera (L.) Burm.f. (Xanthorrhoeaceae). 
A. vera has served as a remedy for different ailments, 
such as wounds and burns, constipations, external and 
internal ulcers, hyperlipidemia, diabetes and many 
more [1-6]. It is also documented as a wound healing 
and anti-inflammatory agent in the Indian ayurvedic 
system, a complementary medicinal system of an-
cient India used as protective or preventive medica-
tion against many ailments. Only 8% of the online 
databases on Aloe, including research articles, deal 
with the toxicological effects of this plant, and are with 
or without any scientific references [7]. Less than 3% 

of the herbal product-related websites cite scientific 
literature regarding the usage, adverse effects, drug 
interactions and safety precautions regarding A. vera 
consumption or application. These findings indicate 
that the data regarding the toxicological effects of A. 
vera following short- or long-term consumption is 
incomplete. Moreover, when toxicological parameters 
are considered, only a few reports present toxicologi-
cal studies on Aloe gel use. Orally supplemented A. 
vera extract was shown to protect from oxidative stress 
and restore blood reduced glutathione (GSH) con-
centration in experimental rat models of exposure to 
Arsenic (As), however, it did not reduce the concen-
tration of As in tissues [8]. Crude A. vera ethanolic ex-
tract was reported to be a potent anti-oxidant against 
azoxymethane-induced stress in rats [9]. The A. ve-
ra-derived phytocompound Aloe-emodin exhibited 
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hepatoprotective activity in the experimental model 
of carbon tetrachloride-induced hepatic injury [10]. 
Anilakumar et al. [9] pointed to a probable synergy 
between A. vera phytocomponents that showed anti-
oxidant effects in experimental rats. Aloe latex and 
whole leaf extract have been implicated in some cases 
of carcinogenesis, genotoxicity and in vivo toxicity in 
animal models. But the Aloe gel, which is free from 
latex and the epidermal layer, has not been evaluated 
systematically with regard to its potential toxicologi-
cal effects [7,11].

We have considered the human-consumable aque-
ous preparation of homogenized, latex-free A. vera 
gel for feeding to Wistar albino rats of both sexes, in 
order to determine its acute and sub-chronic toxico-
logical effects in vivo. The doses used were based on 
daily consumption of 50 g of Aloe gel by a healthy 
person weighing 60 kg. Available information indi-
cates that ethnic people consume Aloe gel in a crude, 
unprocessed and fresh state [4]. Hence, we simply 
homogenized A. vera gel in water and used the fresh 
homogenate daily in each feeding schedule. Acute and 
sub-chronic toxicities were measured following 1 to 
28-day feeding schedules, respectively. Animal death, 
behavioral parameters resulting from skin irritation, 
dizziness, as well as liver and kidney enzyme profiles, 
were evaluated along with other toxic and physiologi-
cal biomarkers, including serum creatinine, triglycer-
ide and cholesterol. We had previously confirmed in-
significant changes in hematological parameters in rat 
models following extended Aloe gel consumption [4].

Molecular docking provides a prediction of the 
affinity of one molecule to another in a preferred 
orientation. The stability of such an association on a 
potential 3-dimensional surface of two moieties can 
further indicate their pharmaceutical utilities. We can 
even predict the probable solubility of compounds by 
mimicking their physiological conditions. Therefore, 
we screened and studied all the available phytochemi-
cal constituents of Aloe and we have selected 8 poten-
tially bioactive molecules for molecular docking assays 
[12]. This can provide us with an understanding of 
the drug-like properties of the phytochemicals under 
study. These are the basic steps of in silico drug design.

MATERIALS AND METHODS

Ethics statement

The experiments were approved for the period 2013-
16 by the Institutional Animal Ethical Committee 
(IAEC) of the Committee for the Purpose of Control 
and Supervision of Experiments on Animals (CPC-
SEA), with registration number 840/ac/04/CPCSEA, 
dated 01/01/2004, of the University of North Bengal, 
West Bengal, India prior to commencement of the 
experiments.

Experimental animals

Wistar albino rats of both sexes, weighing 140-160 
g, served as experimental animals for acute and sub-
chronic toxicity and pain sensation. The animals were 
purchased from Ghosh Enterprise, Kolkata, India and 
were kept in the departmental animal house facility 
at 24±2ºC, a 12h day-night cycle, and were fed with 
standard pellet obtained from Ghosh Enterprise and 
water ad libitum. All animals were acclimatized for 
a period of 10 days before initiation of the experi-
ments. Four or fewer rats were kept per cage during 
the entire period.

Collection and processing of plant material

Naturally grown plants were collected in the post-mon-
soon seasons (September-November) from the Me-
dicinal Plant Garden of the University of North Bengal, 
located at Siliguri (Darjeeling, West Bengal, India). The 
plant was identified and deposited in the Department 
of Botany, University of North Bengal. The voucher 
specimen was provided an accession number in the 
NBU herbarium (Accession No. NBU09884). The Aloe 
gel was collected after aseptically peeling off the outer 
green layer and latex part of the plant leaf. The gel was 
weighed and chopped into pieces before homogeniza-
tion. Five g of Aloe gel was mixed with 3 mL of water 
during homogenization, to produce a final 7 mL mix-
ture. Considering that 7 mL of the mixture contained 
5 g of Aloe gel, the feeding doses contained the gel at 
concentrations of 1, 2, 4 and 5 g/kg body weight (b.w.). 
The oral administration of the plant material was done 
using an oral gavage. The process was repeated daily to 
ensure fresh consumption of unprocessed raw Aloe gel.
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Chemicals

All the serum biochemical test kits for toxicological 
parameters were purchased from Coral Clinical Sys-
tems, Goa, India. Other chemicals, such as formalin 
and chloroform, were procured from Merck (USA) 
and SD Fine Chemicals (India). All chemicals were 
molecular biology grade.

Experimental design

Acute toxicity test

In the acute toxicity test, three groups of mature rats 
were selected, each contained 6 rats (3 males and 3 
females). The first group (N) was not fed with A. vera 
gel; the other two were the experimental groups, TA1 
and TA2 and were fed with 2 and 5 g of Aloe crude 
gel/kg b.w., respectively. The animals fasted overnight 
prior to feeding with a single dose of the gel homoge-
nate. The mortality rate, salivation, fur irritation, sleep/
dizziness, lethargy and diarrhea were observed for the 
next 24 h. This one-day long observation was further 
followed by a 7-day long screening for any toxicologi-
cal effects. All the experiments were performed accord-
ing to the OECD guideline 423 (Adopted on 17th De-
cember 2001) for acute oral toxicity study in rodents.

Sub-chronic toxicity

For the determination of sub-chronic toxicity, the ani-
mals were divided into four groups. All the groups 
contained 6 rats each (3 male and 3 females). The 
first group was considered as Normal (N), the second, 
third and fourth groups, T1, T2, and T3 respectively, 
were the treatment groups with a 28 day-long daily 
feeding schedule of Aloe gel at concentrations of 1, 2, 
and 4 g/kg b. w., respectively. After completion of the 
28 day-long schedule, the animals were killed with 
anesthetic. Blood from each animal was collected 
separately by heart puncture. Kidney and liver tissues 
were collected and fixed in 4% formalin for histologi-
cal processing. The clear serum was collected by al-
lowing the blood samples to clot. Hemoglobin was 
measured immediately after blood collection. All the 
experiments were performed according to the stand-
ard guidelines with slight modifications [13,14].

In a previous study, we showed that the red and 
white blood cell (RBC and WBC, respectively) counts, 
total protein, total albumin remained normal in the 
experimental Wistar albino rats while evaluating the 
anti-arthritic properties of the same plant [4]. Next, 
the hemoglobin and the serum enzymatic parame-
ters, including alkaline phosphatase (ALP), aspartate 
transaminase (SGOT), alanine transaminase (SGPT), 
and serum high density lipoprotein (HDL-D), low 
density lipoprotein (LDL-D), triglycerides, choles-
terol, creatinine were measured using the appropriate 
assay kits, following the manufacturers’ instructions 
provided with the Coral Biosystem’s (Goa, India) 
product-specific user manual. All spectrophotomet-
ric assays were performed using in a Systronics VIS 
spectrophotometer (Model 105).

Formalin-induced paw licking test

Experimental animals were fed with the indicated 
doses of Aloe gel homogenate for 7 days (designated 
as T1, T2, and T3 respectively; doses as used in the 
sub-chronic toxicity tests i.e. 1, 2 and 4 g/kg body 
b.w.). Normal (N) group rats were fed with an equal 
amount of distilled water. On the 7th day, 50 µL of 2.5% 
formalin solution was injected into the right hind paw. 
The animals were kept under observation in a glass 
cage for the next 30 min. The duration(s) of paw lick-
ing by the animals during the first 5 min and then for 
the following 15-30 min after the formalin injection 
was recorded. The first five min was considered as 
neurogenic pain and the succeeding 15-30 min were 
considered as inflammatory pain [15-17]. The total 
paw licking time used by the animals during 30 min 
was an indicator of nociceptive pain. Morphine, used 
as the standard drug to compare the pain-ameliorating 
activity of the plant extract, was fed orally 30 min 
prior to formalin injection at a dose of 5 mg/kg b.w.

Molecular docking

Molecular docking analyses of selected toxicologic 
and analgesic marker proteins against the selected 
chemical constituents of A. vera were carried out as 
described [12,18]. Depending on the variations that 
may occur during sample preparation and variations 
of the phyto-constituents vis-a-vis seasonal and geo-
graphical changes, 10 major potent bioactive mol-
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ecules were examined. All protein structures were 
retrieved from a protein data bank (http://www.rcsb.
org/pdb/home). Docking was performed using Auto 
Dock Vina [18]. The X, Y and Z dimensions were 
chosen to be 100 for aspartate transaminase, glutamate 
dehydrogenase, hepatitis B viral protein (hepatitis Bx), 
and 80 for alanine transaminase, alkaline phosphatase. 
Center Grid Box was chosen to fit the protein. The ex-
haustiveness was set to 8. Each concerned protein was 
rendered ready by removing the water molecules and 
by adding polar. Gasteiger charges were added to the 
proteins on the basis of electronegativity equilibration 
and the non-polar hydrogens were merged. Gasteiger 
charges were also calculated for the respective ligands 
and all the torsions were allowed to rotate.

Solubility analysis

The basic solubility analysis of Log P and Log S val-
ues were determined using ALOGPS 2.1 [19] main-
tained by Virtual Computational Chemistry Labora-
tory (http://www.vcclab.org/lab/alogps/). Log P, the 
logarithm of the partial coefficient, is defined as the 
ratio of the concentration of a solute between two sol-
vents specifically for unionized solutes. Log S value is 
a unit stripped logarithm (base 10) of the solubility 
measured in mol/L. Chemcalize.org beta (http://www.
chemicalize.org/) by Chem Axon was used to deter-
mine the log D values at physiological blood plasma 
pH of 7.4. Log D is the distribution coefficient, log 
D, is the ratio of the sum of the concentrations of all 
forms of the compound (ionized plus un-ionized) in 
each of the two immiscible phases. 

Statistical Analysis

All statistical analyses were performed using Kyplot 
ver. 5.0. In the Kyplot analysis, the data represent-
ed the mean±S.D., which was analyzed by one-way 
ANOVA. The results were considered significant 
when p≤0.05.

RESULTS

Acute toxicity test

No death of the animal was observed during the 1st day 
of the trial in the acute toxicity test. The animals were 

observed at regular 2 h intervals. All the animals were 
alive for the next 7 days and no death or change in 
the physiology and behavior was observed (Table 1).  
Normal weight gain was observed in all groups and 
no gross abnormal findings were documented in any 
of the groups. The Aloe gel was therefore considered 
to be non-toxic up to the dose of 5 g/kg b. w. and the 
lethality value was considered “unclassified” up to the 
feeding range.

Table 1. Behavioral changes in rat groups following a one-day 
single dose trial of Aloe gel for acute toxicity. The behavior was fol-
lowed in each animal for 24 h after feeding with the plant extract.

Groups N
(Normal)

TA1
(2 g/kg b.w.)

TA2
(5 g/kg b.w.)

Number of animals 6 6 6
Number of deaths None None None
Abnormal motor activity - - -
Salivation - - -
Fur irritation - - -
Sleep/dizziness - - -
Lethargy - - -
Diarrhea - - -
‘-’ denotes absent.

Sub-chronic toxicity test

We observed that out of 6 animals per group, only 
one animal died in the T2 group (i.e. the medium 
dose group (2 g/kg b.w.)). This death was unrelated to 
the toxicological properties of the A. vera as no other 
toxicological signs were seen in other rats in the same 
nor in other dose groups. Following anatomical inves-
tigation, the dead animal was diagnosed with multiple 
cysts in the liver. Body weight changes were normal 
in all the groups (Fig. 1.). The changes observed in 
the histology of the livers and kidneys were also non-
significant (Fig. 2.). The enzymatic parameters of 
the serum, ALP, SGPT and SGOT (Fig. 3A, B and C, 
respectively), showed no differences between the ex-
perimental and control animal groups. However, some 
non-significant variations were present in the serum 
profiles of creatinine, triglycerides, cholesterol, LDL-D 
and HDL-D (Fig. 3.D, E, F, G, and H, respectively). In 
addition, no change in the blood sugar level in the ex-
perimental groups was observed. The triglyceride level 
was normal in T1 and T3 but slightly decreased in T2. 
The serum cholesterol concentration was decreased in 
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T2 and T3, while the concentrations 
of HDL-D and LDL-D were at the 
physiological level in all experimen-
tal groups. SGPT and SGOT also ex-
hibited insignificant differences in 
all the groups (Fig. 3).

Formalin-induced paw licking 
test

In the medium and high dose 
groups, the Aloe gel significantly 
reduced the nociception elicited by 
the injected formalin. The high dose 
group (T3) showed a better result 
than the low (T1) and medium (T2) 
groups (Fig. 4).

Molecular docking

The combination displaying the best 
binding affinity with the least root 
mean square deviation (RMSD) 
from zero was considered for our 
analysis. Glutamate dehydrogenase 
showed the best binding affinity on 
average with all the phytochemi-
cals, followed by hepatitis Bx (Fig. 
5A and B, Fig. 6). When we consider 
the interactions with respect to lig-
ands, Aloe-emodin showed the best 

Fig.1. Diagram showing the body weight increment in experi-
mental rat groups in the 28-day long sub-chronic toxicity assay. 
N refers to normal, T1, T2, and T3 refer to the second, third and 
fourth treatment groups, respectively, in a daily feeding schedule 
with Aloe gel (1, 2 and 4 g/kg b. w., respectively).

Fig.2. Histological study of kidney (upper panel) and liver (lower panel) of rats fed with 
unprocessed Aloe gel. A and E – normal, B and F – low dose (T1), C and G – medium 
dose group (T2); D and H – histological sections of the high dose group (T3). The larger 
photographs are 10X magnified, and the insets at the bottom right hand side of every 
photograph are  40X magnified. The size bar is in µM.

Fig.3. Different toxicological parameters in experimental rats fed with Aloe gel. N – 
normal animals; T1, T2 and T3 – low, medium and high dose Aloe gel-fed groups. *** 
– significance at P≤ 0.001; * – significance at P≤0.05.

Fig.4. Bar diagram showing total paw licking time (s) in the for-
mamide-induced paw licking test in different experimental groups. 
Dose groups T1, T2 and T3 showed decreased paw licking time, 
which revealed the analgesic property of the Aloe gel compared to 
the normal (N) group. Morphine was used as a standard analgesic 
drug. *** – significance at P≤ 0.001; * – significance at P≤0.01.
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result, followed by cholestanol. Parallel with the exist-
ing trend, Aloe-emodin had the best binding affinity 
of -8.6 kcal/mol with the standard control hepatitis 
Bx when individual interactions were considered. The 
2nd best interaction was displayed by Aloe-emodin, 

with a binding affinity of -8.5 kcal/mol with glutamate 
dehydrogenase (Fig. 5C and D, Fig. 6). When Cox-2 
binding was examined, cholestanol had a binding af-
finity -6.5 kcal/mol, second to Aloe-emodin which had 
a binding affinity of -8.0 kcal/mol (Fig. 7).

Solubility analysis

According to the octanol-water partition coefficient, 
log P should be between -0.4 and +5.6. β-sitosterol, 
cholestanol, hypoxanthine, oleic acid, and squalene 
all lie outside the ideal range (marked red). The log 
S value is the solubility parameter of the phytochem-
icals. The ideal range of log S value lies around -5 
mol/L. Compounds such as acetophenone, azelaic 
acid, hydro-p-coumaric, hypoxanthine and salicylic 
lie outside the range of good solubility. Another solu-
bility parameter of importance is the log D value, with 
the ideal range between -3 and 3. Molecules with low 
log D values readily pass through cell membrane and 
have better solubility. Compounds that were out of 
range were β-sitosterol, cholestanol, oleic acid and 
squalene (Table 2).

DISCUSSION

The acute toxicity test revealed that unprocessed A. 
vera gel in Wistar albino rats was not toxic when the 
rats were fed a single dose of 5 g/kg b.w. (validated by 
a 7-day long observation), which also indicated that 
further testing for unprocessed Aloe gel is not nec-

Fig. 5. A – Molecular docking of Aloe-emodin with hepatitis Bx 
protein. The encircled area shows the active binding site of Aloe-
emodin. B – The binding site is enlarged in the right hand side 
indicating the participating amino acids. C – Docking image of 
glutamate dehydrogenase with Aloe-emodin. The encircled region 
indicates the best binding site, enlarged in D.

Fig. 6. Heat map image of binding affinity strengths (Kcal/mol) 
of Aloe gel-derived pure compounds against toxicity marker en-
zymes. Aloe-emodin showed the best binding affinity with hepa-
titis Bx, followed by glutamate dehydrogenase.

Fig. 7. Molecular docking of Aloe-emodin with Cox-2. The en-
circled region shows the best binding site of Aloe-emodin with 
Cox-2.
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essary [20]. Our findings can also serve as the basis 
for toxicological classification. Acute toxicity tests are 
not only performed to determine the precise lethality 
value but also to indicate the maximum dose for the 
survival of animals [21]. In traditional practice, the 
gel of this plant is consumed fresh after collection, 
without any processing. This was applied during 
preparation of the plant extract. In a previous study 
we showed that hematological parameters varied non-
significantly following consumption of crude Aloe gel 
extract [4]. Now we determined that the highest dose 
of Aloe gel (5 g/kg b.w.) neither produced lethality nor 
elicited harmful effects in experimental rats after 7 
days. No visually detectable behavioral abnormalities 
were observed (including body fur irritation, diarrhea, 
salivation). 

A sub-chronic toxicity study was undertaken to 
assess the harmful effects associated with long-term 
repeated exposure of the animals to Aloe gel. It also 
provided information on organ-based toxicity [11]. 
The consumption of Aloe gel for 28 days did not ini-
tiate any deleterious changes or death, and all serum 
enzymatic and biochemical parameters remained un-
changed. Generally, a loss in body weight relates to an 
immediate toxic effect of a plant, but no significant 
change was observed in any of the animal groups dur-
ing the 28-day long feeding schedule [22]. Decreased 
food and water intake and loss of appetite are the early 
signs of physiological abnormalities. Our findings sug-
gest that there were no interactions between the major 

metabolic pathways and Aloe gel constituents. This 
was further corroborated by the serum biochemical 
parameters in all animal groups. Blood glucose and 
hemoglobin were normal in all experimental groups. 
Serum creatinine was slightly elevated in the T2 group, 
which may indicate kidney malfunction; however, this 
data was not supported by the histological observation 
of the kidney. Creatinine is a by-product of muscle 
metabolism and is excreted by the kidneys. All other 
parameters, body weight and serum lipid, did not cor-
relate with this finding. Moreover, the other experi-
mental groups showed no such change in serum cre-
atinine. Cholesterol decreased significantly in the T2 
and T3 groups, indicating that Aloe gel consumption 
reduced the cholesterol content of serum, however, 
all groups had normal triglyceride content (100-140 
mg/dL). Moreover, lowered levels of triglycerides in 
T2 and T3 groups indicated a potential positive effect 
of the Aloe gel in blood triglyceride regulation. LDL-
D and HDL-D values showed no significant changes 
in the experimental groups. ALP, secreted from the 
bile duct and liver, is a bile duct malfunction marker 
when SGOT and SGPT levels are normal; on the other 
hand, SGPT, SGOT and ALP altogether are liver dam-
age markers [23,24]. ALP, SGPT and SGOT remained 
at normal levels through the experimental feeding 
schedule. Histological analysis of kidney and liver tis-
sues also supplemented the results of the biochemical 
experiments. There were no structural alterations in 
the hematoxylin-eosin stained kidney and liver sec-
tions. Kidneys possessed clear Bowman’s capsule and 
vascularized glomerular region surrounded by proxi-
mal convoluted tubules. Both organs showed a normal 
arrangement of cells. Damage in parenchymal liver 
cells results in an elevation of SGOP and SGPT levels 
[23]. The obtained normal values of these two liver 
enzymes are supported by the normal appearance of 
the parenchymal region of the liver.

These parameters were supported by the in silico 
study of the active compounds of A. vera with the 
aforementioned enzymes through molecular docking 
analyses. GLDH, an important regulator of the urea 
cycle and an indicator of liver function was found to 
have the best interactions with the phyto-constitu-
ents, particularly with Aloe-emodin, cholestanol and 
β-sitosterol. The interaction profile of hepatitis Bx 
points to an overall good interaction with all exam-

Table 2. Solubility analysis of the Aloe gel-derived pure com-
pounds. Log P is defined as the ratio of the concentration of a 
solute between two solvents specifically for un-ionized solutes. 
Log S value is a unit stripped logarithm (base 10) of the solubility 
measured in mol/L. Log D is the ratio of the sum of the concentra-
tions of all forms of the compound (ionized plus un-ionized) in 
each of the two immiscible phases.
Chemicals logP logS LogD
Acetophenone 1.65 -1.95 1.53
Aloe-emodin 1.27 -2.96 1.88
Azelaic acid 1.37 -1.92 -3.65
β-sitosterol 7.27 -7.35 7.84
Cholestenol 7.02 -7.41 7.52
Hydro-p-coumaric 1.15 -1.79 -1.28
Hypoxanthine -0.74 -1.79 -0.42
Oleic acid 7.68 -6.37 4.40
Salicylic 1.96 -1.09 -1.52
Squalene 8.64 -5.91 10.42
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ined ligands, with the best interaction observed be-
tween Aloe-emodin (binding affinity of -8.6 kcal/mol). 
Hepatitis Bx protein is a marker of liver dysfunction 
during hepatitis and upregulated expression of this 
protein increases the rate of hepatic carcinoma [24]. 
The strong interactions of Aloe gel components with 
hepatitis Bx protein indicated potential inactivation 
of this protein.

The other test proteins analyzed herein (SGPT, 
SGOT and ALP) are indicators of liver functioning, 
and all phytochemicals displayed moderate to aver-
age binding affinity with these proteins. Compounds 
with high binding affinities are supposed to alter the 
functioning of the protein(s). Thus, the strong bind-
ing observed between Aloe-emodin and Cox-2 could 
potentially downregulate the inflammatory pathway 
[25]. Our docking study revealed that there are nu-
merous interaction sites for Aloe-emodin and other 
phyto-constituents with Cox-2. Compounds with high 
binding affinity should have a proper solubility in-
dex to reach the proper target protein. Aloe-emodin 
cleared all the logP, logS, LogD thresholds to qualify 
as a very good ligand. The logD value taken at a physi-
ological pH of 7.4 ensures that Aloe-emodin can circu-
late through the plasma and reach the effector target 
to alter its functioning. 

The formalin paw licking test is an established 
method to assess the anti-nociceptive activity of drugs 
in rodent models. We observed that the Aloe gel has 
potent pain-ameliorating activities. However, low 
doses decreased the paw licking time but variations 
between individual animals within the group resulted 
in high standard deviation, which is responsible for 
the non-significant change in T1 when compared to 
the control. Previous works reported by our group on 
the Aloe gel have established its efficacy as a potent 
anti-inflammatory and anti-arthritic agent [4,26,27]. 
The current work indicates that the consumption of 
unprocessed Aloe gel on a regular basis can ameliorate 
arthritic pain by its probable interaction with Cox-2.

To conclude, this work presents the first detailed 
examination of unprocessed crude A. vera gel-related 
toxicity after oral consumption, in an experimental 
rat model. Aloe-emodin, a unique constituent of the 
plant, has the best interaction, as per the molecular 
docking analyses, it has ideal solubility at physiologi-

cal pH, and it can be considered for clinical trials. Our 
toxicological studies show no harmful toxicity in the 
rat when A. vera gel was consumed at doses up to 4 
g/kg b.w for a month.
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Abstract

Background: Aloe vera leaf gel has proven efficacious roles in the amelioration of several human diseases and
illness-conditions. Specific purified gel-derived bio-constituents as well as the naturally harvested unprocessed A.
vera gel have shown promise in modifying systemic inflammation. However, the synergistic role of natural herbal
remedies, a mainstay of traditional Indian Ayurveda, has not been evaluated rigorously in this plant. In this study,
the prevention of membrane lysis and protein denaturation in the presence of A. vera gel homogenate up to the
concentration of 1000 μg/ml of gel has been assessed in vitro. Also, regulation of expression of inflammation-
mediator genes (TNF-α and Cox-2) has been investigated in vivo in Freund’s complete adjuvant (FCA)-induced
inflammatory arthritic Wistar albino rats in a 28-day long study following the daily oral supplementation of Aloe vera
gel homogenate doses up to 0.40 and 0.80 g/kg body weight (low-dose and high-dose groups respectively).

Results: Our results indicated that A. vera gel homogenate inhibits hypotonicity-induced (74.89 ± 1.26%) and heat-
induced (20.86 ± 0.77%) RBC membrane lyses respectively at a concentration of 1000 μg/ml, compared to
indomethacin standard (80.52 ± 0.65% and 43.98 ± 1.52% respectively at 200 μg/ml concentration). The similar
concentration of gel also showed 39.35 ± 4.25% inhibition of protein denaturation compared to standard
diclofenac sodium (46.74 ± 1.84% at 100 μg/ml concentration) in vitro. When assessed in vivo, TNF-α expression
was found to be decreased by 35.88% and 38.52%, and Cox-2 expression was found to be decreased by 31.65%
and 34.96%, in low-dose and high-dose groups respectively, when compared to the arthritic controls.

Conclusions: Our findings justify the role of unprocessed A. vera gel homogenate in preventing tissue damage and in
the downregulation of TNF-α and Cox-2 gene expressions for the immune-modulation of inflammatory arthritis condition.
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Background
Inflammation is a common complex biological cascade
of events that occurs in response to any kind of injuries,
mechanical damage, infection, toxin exposure, or chemical
irritation in the tissue. Inflammatory pathways lead to the
protection of the body. However, prolonged inflammation
can cause chronic disorders and extensive tissue damage.
Depending on the duration of the inflammatory responses
in the body, the inflammatory processes are commonly
grouped into acute (short-duration) and chronic (long-
duration) inflammation. During inflammation, immune
cells release lysosomal contents that act as mediators of
inflammation. These enzymes work non-specifically on
the nearby cells and cause further damage by breaking
their membranes. This process significantly increases the
degree of inflammation [1]. The erythrocyte (RBC) mem-
branes are considered as a model of the lysosomal mem-
brane for their structural similarity [2]. It is expected that
the drugs or products capable of preventing the rupture of
the erythrocyte membrane experimentally would also
protect the lysosomal membrane of the affected tissue
in vivo resulting in the inhibition of inflammation. On the
other hand, an increase in protein denaturation has been a
hallmark of inflammation [3]. Drugs exhibiting the protein
denaturation-inhibition in vitro are expected to elicit
similar results in biological systems and would stabilize
inflammation [4].
Rheumatoid arthritis (RA) is a complex systemic

inflammatory disease of the bone joints which leads to
disabilities of joint movements. Presently, about 0.5–2%
of the world population is affected by the disease. The
current treatment of RA focuses on the pain reduction
and inhibition of disease manifestation through blockage
of prime mediator molecules related to the disease [5].
Cytokines and Cox-2 are the prime regulators of inflam-
matory diseases. TNF-α is one of the important cytokines
which regulates the progression of inflammatory RA by
inducing different signaling pathways. These signaling
pathways are instrumental in immune cell infiltration and
increased production of other cytokines [6, 7]. Elevated
COX-2 expression in synovial tissues of the arthritic joint
is mediated chiefly by the pro-inflammatory cytokines
TNF-α and IL-1. The effector product of Cox-2 is prosta-
glandin E2, which contributes extensively to the degree of
inflammation [8, 9].
To treat the consequences of extensive inflammation

and inflammatory diseases like RA, non-steroidal anti-
inflammatory drugs (NSAIDs), or steroids are commonly
used. But due to the different side effects of conventional
NSAIDs and steroids, the use of herbal remedies is
increasingly becoming a popular choice. However, many
of these herbal remedies lack scientific exploration and
thus experimental validation [10]. These products are gen-
erally classified as complementary and alternative medicines

(CAMs). CAMs are generally inexpensive and with no or
low side effects. In the Indian CAM system, Ayurveda
emphasizes the use of plant and animal products, dietary
supplements, minerals, and salts, largely in crude and
unprocessed forms, in amelioration of disease conditions.
World Health Organization (WHO) has documented that
about 80% of the world population directly or indirectly
depends on ethnic medications [10, 11].
Aloe vera (Family Xanthorrhoeaceae) is one of the

pioneer plants which have been used historically to
reduce inflammatory symptoms by different ethnic pop-
ulations. Researchers have found potent wound healing,
anti-inflammatory, anti-arthritic, and anti-nociceptive
properties of the Aloe vera gel in appropriate model
systems [5, 12–14]. The interaction of the plant gel
constituents with inflammation modulators is a key
area of interest at the experimental level [15]. There
is no detailed work reported on such naturally occurring
unprocessed A. vera gel in animal models and thus the pre-
sented data is expected to contribute to the existing body
of knowledge on the medicinal properties of A. vera gel. In
the present work, assessment of in vitro anti-inflammatory
potentials of unprocessed naturally harvested A. vera plant
gel homogenate is done and in vivo assessment of the ex-
pression of two apex biomolecules of inflammation namely
TNF-α and Cox-2 has been done in FCA-induced inflam-
matory arthritic rat model following A. vera gel homogen-
ate oral consumption.

Methods
Collection of plant materials and authentication
Naturally grown A. vera plants were collected from Siliguri
and adjacent regions which is located in the sub-Himalayan
Terai region of West Bengal, India. Collection of the plant
material and experiments were done during the year 2016–
2018. The plant was identified by competent authority, and
a voucher specimen was deposited [Accession No. 09884].

Preparations of plant extract and dose determination
Crude Aloe gel was collected by peeling out the green
outer dermal layer and by taking out the gel aseptically
with the help of a scalpel. For the in vitro anti-
inflammatory tests, the gel was weighed and properly
homogenized with isotonic buffer solution or with distilled
water (for hypotonicity-induced membrane stabilization
test) to obtain final concentrations of 600, 800, and
1000 μg of gel/ml. The sample was freshly prepared every
time before use. Authors postulate that the process of
simple homogenization preserves all the ingredients of the
crude gel in the same proportion as it is obtained naturally
from the leaves. The use of homogenization as an extrac-
tion process has been supported by other works [16, 17].
For the in vivo experiments on arthritic rat models, doses
of 0.40 and 0.80 g of Aloe vera gel/kg body weight (b.w.)

Paul et al. Future Journal of Pharmaceutical Sciences            (2021) 7:12 Page 2 of 8



(low dose or LD and high dose or HD groups respectively)
were prepared by homogenizing Aloe vera gel with
distilled water at a ratio of 1:3 (w/v). These doses were
prepared based on our previous works [5, 18] considering
the possible amount of daily consumption of the Aloe vera
gel to be 25–50 g for a human weighing 60 kg. No post-
harvesting extraction or processing was done to preserve
the naturally available bioactive components of the gel.

Drugs and chemicals
All the chemicals used for the experiments were molecu-
lar biology grade chemicals procured from Merck, Sigma
Aldrich and HiMedia (India). Freund’s complete adjuvant
was procured from Sigma, USA. Reverse transcriptase
enzyme was obtained from Thermo Fischer, USA; total
RNA was prepared using Trizol (Invitrogen, USA); ran-
dom hexamer, oligo dT, and dNTP were used from GCC
Biotech, India, and SybrGreen reaction mixture was
obtained from Roche, USA.

Experimental animal maintenance
Wistar albino male rats (Rattus norvegicus) (150 ± 15 g)
were procured from Committee for the Purpose of
Control and Supervision of Experiments on Animals
(CPCSEA, India) registered animal vendor (M/s Chakra-
borty Enterprise, Kolkata, India) after the approval of the
experimental protocols by the Institutional Animal Ethical
Committee (IAEC, NBU) (Registration number 840/ac/04/
CPCSEA; IAEC protocol number IAEC/NBU/2018/02).
The animals were housed in the departmental animal house
facility at 24 ± 2 °C with a 12 h/12 h day/night cycle and
were fed with standard pellet and water was provided ad
libitum. All animals were acclimatized for a period of at
least 10 days before the initiation of the experiments. Four
or fewer rats were kept per cage during the entire period.

In vitro anti-inflammatory tests
Collection of blood and preparation of erythrocyte
suspension for in vitro membrane-stabilizing experiments
Three milliliters (3 ml) of fresh blood was collected in an
EDTA vial from a healthy human volunteer who had not
taken any NSAID at least 15 days prior to the collection.
Erythrocyte suspension was prepared following the
protocol described by Anosike et al. [2] and was stored
at 4 °C prior to the experiments [2].
The membrane stabilizing activities of A. vera gel

homogenate were assessed by a method following
Shinde et al. [19] with some minor modifications.

Hypotonic solution-induced hemolysis test
Hypotonic solution-induced hemolysis test was undertaken
following the methodology of Shinde et al. [19], with some
modifications. Aloe vera gel homogenates were prepared to
attain final concentrations of 600, 800, and 1000 μg of gel/

ml either in hypotonic solution (homogenized in distilled
water) or in isotonic solution (homogenized in isotonic
buffer solution of pH 7.4). The RBC membrane breakage in
hypotonic situation was calculated compared to that in the
isotonic solution. In standard group, standard drug indo-
methacin was added to 5ml isotonic buffer as well as to
hypotonic distilled water in separate tubes to attain a final
concentration of 200 μg/ml [19]. The absorbance values
(OD) of the supernatants were measured at 540 nm. The
percentage of inhibition of hemolysis was calculated consid-
ering the hemolysis occurring in the hypotonic solution or
in distilled water of the control tubes to be 100%. Thus, the
percentage of inhibition (PI) of hemolysis was calculated
using the following equation:

PI ¼ 1 −
OD2 −OD1
OD3 −OD1

� �� �
� 100

where:
OD1 = absorbance of test sample in isotonic solution
OD2 = absorbance of test sample in hypotonic solution

(distilled water)
OD3 = absorbance of control sample in hypotonic

solution (distilled water)

Heat-induced hemolysis test
For this test, one untreated control group, three experi-
mental plant extract-treated groups, and one standard
drug group were considered following the methodology
described by Shinde et al. [19] with some minor modifica-
tions. In the experimental groups, Aloe vera gel was ho-
mogenized in isotonic phosphate buffer solution (pH 7.4)
at a final concentration of 600, 800, and 1000 μg/ml. The
standard drug group contained indomethacin in 5ml of
isotonic buffer solution at a final concentration 200 μg/ml
[19]. Absorbance values (OD) of supernatant was mea-
sured at 540 nm. The percent inhibition (PI) of hemolysis
was calculated using the following equation [20]:

PI ¼ OD2 −OD1ð Þ
OD2

� 100

where:
OD1 = absorbance of heated test sample (isotonic buffer)
OD2 = absorbance of heated control sample (distilled

water)

Protein denaturation-inhibition test
The protein denaturation-inhibition test was done
following established protocol [21] with some minor
modifications to investigate the protein denaturation-
inhibition activity of Aloe gel homogenate. For the
experiment, along with 0.2 ml of egg albumin and 2.8ml
of PBS (pH 6.4), 2 ml of various concentrations of Aloe
vera gel homogenates were added to experimental groups

Paul et al. Future Journal of Pharmaceutical Sciences            (2021) 7:12 Page 3 of 8



which finally gave rise to 600, 800, and 1000 μg/ml
concentration of gel in the groups. Diclofenac sodium was
used as standard drug. In the standard drug group, the
drug was added in the mixture to achieve a final concen-
tration of 100 μg/ml in the 5ml mixture which contained
0.2 ml of egg albumin and 2.8ml of PBS (pH 6.4) [21].
The absorbance of the solutions (OD) was measured
spectrophotometrically at 660 nm. The percentage of
inhibition (PI) of protein denaturation was calculated
using the following equation [22]:

PI ¼ OD2 −OD1ð Þ
OD2

� 100

where:
OD1 = absorbance of heated test sample
OD2 = absorbance of heated control sample

In vivo anti-arthritic tests
The experimental set up consisted of 24 rats distributed
in four animal groups each containing 6 rats (n = 6).
Animals were randomly distributed in one positive
control (PC), one FCA or negative control group (FCA),
and two experimental groups of LD and HD respect-
ively, receiving daily oral supplement of A. vera gel hom-
ogenate at a dose of 0.40 g/kg b.w. and 0.80 g/kg b.w.
respectively, once a day from the first day of the experi-
ment till 28th day. Freund’s complete adjuvant (Sigma,
USA) was administrated (0.1 ml) in the right hind paw
of all the experimental rats except PC on the first day.
Arthritic swelling was observed within 3–4 days and a
booster dose of same amount was given on 14th day.
The inflammatory paw swelling of all the groups was
observed and was assessed through the measurement of
paw circumference with the help of a vernier caliper up
to 28th day at a regular interval of 3 days (data not
shown). The animals were sacrificed on 28th day follow-
ing complete anesthesia using diethyl ether. On the day
of sacrifice, blood was collected separately from each rat.
Total RNA was prepared using Trizol (Invitrogen, USA)
following the instruction of the manufacturer. The total
RNA prepared separately from each of the animals of
each group was then pooled together group-wise. From
each group, sufficient amount of cDNA was prepared
using reverse-transcriptase enzyme (Thermo Fischer,
USA), random hexamer, oligo dT, and dNTP (GCC
biotech, India) following the protocol suggested by the

manufacturer (Thermo Fischer, USA). The prepared
cDNA was used to assess the relative expression of
TNF-α and Cox-2 among different groups in Lightcycler
96 real-time quantitative PCR (Roche, Switzerland). The
exon-specific primers of TNF-α and Cox-2 was used
along with a housekeeping gene GAPDH as endogenous
control (Table 1). In brief, 5 μl of cDNA was used and
mixed with 10 μl of SybrGreen, 0.3 μl of each of the for-
ward and reverse primers (10 mM) and 1 μl of dNTP.
Reaction volume was adjusted up to 20 μl by adding
nuclease-free water. Annealing temperature of 59 °C was
standardized for all the three genes and 45 amplification
cycles were implemented. The relative mRNA expres-
sions of the selected genes were calculated using 2−ΔΔCt

method. In this method, the expression of target genes
were measured in fold change values which were
analyzed with respect to the endogenous control
gene expression.

Statistical analysis
The in vitro anti-inflammatory tests were carried out in
triplicates for each of the groups. All statistical analyses
for anti-inflammatory tests were done using GraphPad
prism ver 6.01. All the data were represented as mean ±
S.E.M. (standard error mean) and were analyzed with
one-way ANOVA followed by Dunnett’s multiple com-
parisons test. The results were considered statistically
significant at P < 0.05 compared to the control group.
The *** denotes significance value at P < 0.001.

Results
In vitro anti-inflammatory tests
Effect of Aloe vera gel homogenate on hypotonicity-induced
hemolysis of hRBCs
The standard NSAID drug indomethacin showed the
highest protection (80.52 ± 0.65%) at the concentration
of 200 μg/ml against hypotonicity-induced lysis of RBCs.
A. vera gel homogenate protected the human RBCs in a
concentration-dependent manner (Fig. 1a). Among the
experimental groups, highest protective effect was seen
in 1000 μg/ml A. vera gel homogenate dose group (74.89
± 1.26%).

Effect of Aloe vera gel homogenate on heat-induced
hemolysis of hRBCs
All the doses of A. vera crude gel homogenate (600, 800,
1000 μg/ml) showed a significant inhibition activity against

Table 1 List of the primers used in the real time quantitative PCR method

Gene Forward primer Reverse primer

GAPDH ATGACTCTACCCACGGCAAG CTGGAAGATGGTGATGGGTT

TNF-α AGCCCTGGTATGAGCCCATGTA CCGGACTCCGTGATGTCTAAGT

Cox-2 TGTATGCTACCATCTGGCTTCGG GTTTGGAACAGTCGCTCGTCATC
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heat-induced hemolysis of hRBCs (Fig. 1b). The PI
of hemolysis within experimental groups was dose
dependent and maximum inhibition of hemolysis
was observed in 1000 μg/ml dose group (20.86 ±
0.77%). Standard NSAID drug indomethacin showed
the maximum inhibition of 43.98 ± 1.52% at 200 μg/ml
concentration.

Effect of Aloe vera gel homogenate on protein
denaturation-inhibition test
All the dose groups of A. vera gel homogenate showed
significant inhibition of protein denaturation in a dose
dependent manner (Fig. 1c). In the experimental groups,
Aloe dose groups of 600 μg/ml, 800 μg/ml, and 1000 μg/
ml showed 34.27 ± 3.86%, 37.82 ± 5.30%, and 39.35 ±
4.25% inhibition of protein denaturation, respectively. The
standard NSAID drug diclofenac sodium showed an in-
hibition of 46.74 ± 1.84% at a concentration of 100 μg/ml.

In vivo anti-arthritic test
The expression of the target and the internal control
genes were assessed in the negative control (FCA) and
experimental animals (LD and HD) relative to the
normal animals (PC) (Figs. 2 and 3). For both the genes,
inhibition of expression of target genes in the experi-
mental groups was observed in dose-dependent manner.
The TNF-α showed an elevated expression (fold change)
in the FCA group (2.271 ± 0.85) compared to PC (1 fold)
(Fig. 3a). TNF-α expression was reduced in both the
Aloe gel-fed groups (1.456 ± 0.11 and 1.396 ± 0.10 folds
in LD and HD groups respectively). Cox-2 increased in
FCA-treated animals compared to positive control
(1.842 ± 0.68) but decreased in the dose groups (1.259 ±
0.11 and 1.198 ± 0.083 folds for LD and HD groups

respectively) (Fig. 3b). It is evident that the expression of
TNF-α was decreased by 35.88% and 38.52% in LD and
HD groups respectively compared to FCA group ani-
mals; Cox-2 expression decreased by 31.65% and 34.96%
respectively in LD and HD compared to FCA group
animals.

Discussion
Erythrocyte membrane stability test is a well-established
study to screen the possible anti-inflammatory effect of
synthetic drugs as well as of various traditional herbal
extracts [19]. During inflammation, lysis of the mem-
branes of the lysosomal vesicles occurs that releases
their component enzymes which induce the inflamma-
tory response. Thus, a stabilized membrane prevents the
release of its contents as well as the progression of
inflammation. Non-steroidal anti-inflammatory drugs
(NSAIDs) exert their beneficial effects by either stabiliz-
ing the lysosomal membranes or by inhibiting the re-
lease of lysosomal enzymes [2]. Exposure of RBCs to
hypotonic medium or high temperatures results in the
lysis of the RBC membranes accompanied by hemolysis
and oxidation of hemoglobin. In the hypotonic solution,
the hemolytic effect is related to excessive accumulation
of fluid within the cell resulting in the rupturing of its
membrane. Increased body temperatures also cause the
rupture of the RBC membrane resulting in hemolysis
[23]. In our study, a dose-dependent relationship of Aloe
gel homogenate against both hypotonicity and heat-
induced hemolysis has been found. Therefore, both the
doses of the plant extract may inhibit the release of
lysosomal content during the inflammatory processes. A
possible explanation for the membrane stabilizing activ-
ity of plant extracts could be an increase in surface area/

Fig. 1 Results of in vitro anti-inflammatory tests in graph. Hypotonicity-induced hemolysis test of hRBC (a), heat-induced hemolysis test of hRBC
(b), and protein denaturation-inhibition test of hen’s albumin (c) when treated with Aloe vera gel homogenate. All data represents % of inhibition
± SEM. Significance value at P < 0.001 is indicated as ***. Indomethacin and diclofenac sodium are used as standard drugs in experiments as
indicated. Control group (not shown in the figures) is considered to exert 100% hemolysis
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volume ratio of the cell [24] or by a stabilization of the
skeletal proteins such as tropomyosin [25, 26].
In the protein denaturation-inhibition test, the

denaturation of egg albumin was induced by heat
treatment. Heat exposure causes the breakage of the
functional three-dimensional structure of protein.
Protein denaturation is a well-documented feature in
chronic inflammatory diseases like RA, especially in the
severe stages of the disease [27]. Standard NSAID drugs
can inhibit heat-induced protein denaturation [4, 21]. In
this study, it has been found that Aloe gel homogenate

can also inhibit heat-induced protein denaturation. This
signifies the anti-inflammatory roles of the plant in vitro
and further encourages exploration of its efficacy in in-
flammatory conditions in vivo.
Cytokines are the key mediators of inflammation.

TNF-α is a pro-inflammatory cytokine released from
macrophages and monocytes. TNF-α is responsible for
the transportation of more immune cells and chemokines
to the inflamed region. It also initiates the production of
matrix metalloproteinases responsible for cartilage deg-
radation [7]. On the other hand, Cox-2, an immune

Fig. 2 Amplification curves for all the three selected genes in different experimental groups (in duplicates) in reverse transcription quantitative PCR

Fig. 3 Results of in vivo anti-inflammatory tests in graph. Relative expression fold changes in the TNF-α (a) and Cox-2 (b) genes assessed through
reverse transcriptase real-time quantitative PCR. The significance value of low dose (LD) and high dose (HD) groups are compared with the
experimental group (FCA). Positive control (PC). P value at P < 0.01 is considered significant
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modulator, is responsible for the increased production of
prostaglandin E2 which results in increased pain and
swelling at the site of inflammation [9]. Cytokines along
with Cox-2 are target bio-molecules of the host body
which have a regulatory role on inflammation progression.
NSAIDs primarily work on cyclooxygenase pathway [28].
Cytokine inhibitors have been introduced in the medica-
tion against inflammation as well.
In the present study, our results show that the A. vera

unprocessed gel homogenate downregulates TNF-α as
well as Cox-2 expressions in experimental animals in a
dose-dependent manner. The crude unprocessed homoge-
nized form of A. vera gel has been orally administered
without any post-harvesting processing, a method which
is in traditional use in different ethnic communities of
Egypt, Rome, Africa, and Asia [29]. In our previous works,
we have reported the ameliorative role of unprocessed A.
vera gel homogenate in the regulation of inflammatory
and arthritic symptoms in experimental rats. The paw
circumference, serum biochemical parameters, and blood
profile were restored to normal levels after oral feeding of
unprocessed Aloe gel homogenate [5, 30]. The present
study now further shows that the unprocessed A. vera gel
homogenate concomitantly downregulates both TNF-α
and Cox-2 in the experimental animal groups. This report
can be considered as baseline data describing the efficacy
of crude unprocessed plant products against inflammatory
arthritis. By not extracting the gel in polar or non-polar
solvents, we presume, the natural constituents of A. vera
gel have been restored in its natural proportion and
thus natural synergistic role of the gel has been
monitored. Considering the previous works done in
this regard, different bioactive compounds of the gel
has already been mentioned by other workers which
contribute to the efficacy of the plant as an anti-
inflammatory resource. Davis et al. [12] has mentioned
that the polysaccharides obtained from Aloe vera are potent
anti-inflammatory agents; Hutter et al. [31] identified 8-[C-
beta-D-[2-O-(E)-cinnamoyl]glucopyranosyl]-2-[(R)-2-hydro
xypropyl]-7-methoxy-5-methylchromone from Aloe barba-
densis (Synonym Aloe vera) as anti-arthritic agent. Apart
from these findings, anthroquinones were identified as
potent anti-inflammatory mediators in Aloe vera by
Kashirsagar and co-workers [15]. The TNF-α downreg-
ulating activity of the plant has also been documented
by Prabjone et al. [32] in helicobacter pylori-infected
rats. It is highly expected that the anti-inflammatory
properties of the subject plant in model systems will be
equally attributed to the human system as well. Our
data showed that the crude A. vera gel reduced the
extent of lysosomal membrane lysis and protein de-
naturation in vitro and also regulated the expressions
of major pro-inflammatory cytokine TNF-α and a key
inflammation modulator Cox-2 in vivo following daily

oral consumption in inflammatory RA rat models. To
our knowledge, it is the first report on the effect of
unprocessed Aloe vera gel oral treatment on TNF-α
and Cox-2 gene expressions in arthritic animal models.

Conclusions
The study validates the efficacy of unprocessed aqueous
Aloe gel homogenate in inflammatory disease condition.
Our data indicate promising anti-inflammatory activity
of Aloe gel in the inhibition of lysosomal membrane
lysis, protein denaturation in vitro, and downregulation
of TNF-α and Cox-2 expression in vivo. The scientific
basis of use of raw unprocessed A. vera thus has been
explored. However, an expression study on a broader
spectrum of cytokines would further clarify the scenario.
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ABSTRACT
Background: The flower of Acmella uliginosa (AU) (Sw.) Cass., a naturally 
grown herb in India, is consumed as a natural painkiller for its notable 
analgesic properties. Objective: The objective of the study was to 
establish the role of AU flower methanolic extract in antinociception and 
its neuromodulatory activities to assess any disadvantage of the drug akin 
to opioids. Materials and Methods: In experimental rats, plant flower 
extracts were fed at a dose of 100 mg and 200 mg/kg body weight (BW) 
for 14  days. Analgesic activity was evaluated through formalin‑induced 
paw licking test. T‑maze, novel object recognition  (NOR), and rotarod 
tests were done to assess the role of the extract in memory alteration 
and neuromotor coordination, respectively. Acetylcholinesterase  (AChE), 
reduced glutathione (GSH), and superoxide dismutase (SOD) activity from 
the brain homogenates were done to assess the induced oxidative stress. 
Results: The plant proved to be a promising analgesic when fed orally up to 
200 mg/kg BW dose. No acute toxicity was seen up to 1000 mg/kg. In the 
T‑maze test, extract‑fed animals showed a reduction in food searching time. 
In NOR test, the discrimination index between new and familiar objects was 
high in extract‑fed animals compared to standard group. In rotarod test, the 
extract did not alter the neuromotor coordination. AChE, GSH, and SOD 
activities were normal in extract‑treated animals. Conclusion: Memory 
alteration and oxidative stress are two major drawbacks associated with 
opioid drugs. Our results indicate that the AU flower methanolic extract 
qualifies as a potent painkiller and overcomes the disadvantages of opioid 
analgesics.
Key words: Acetylcholinesterase, Acmella uliginosa, antinociception, 
cognitive memory, oxidative stress, spatial memory

SUMMARY
•  Acmella uliginosa is a traditionally used painkilling herb found in the Indian 

subcontinent
•  The plant flower methanolic extract shows potential pain ameliorating activity 

in formalin‑induced pain model of experimental Wistar rats
•  The extract overcomes the memory deteriorating activities which are 

associated with opioid‑like painkiller drugs
•  The plant extract could be used as an alternative herbal remedy against pain 

without any possible side effects and might be consumed for a longer time 
without causing harm in the patient’s body.

Abbreviations used: Ach: Acetylcholine; AChE: Acetylcholinesterase; 

ANOVA: Analysis of variance; ATChI: Acetylthiocholine iodide; AU: Acmella 

uliginosa; AUM: Acmella uliginosa methanolic; BW: Body weight; 

CNS: Central nervous system; Cox: Cyclooxygenase: CPCSEA: Committee 

for the Purpose of Control and Supervision of Experiments on Animals; 

DI: Discrimination index;  DTNB: Dithiobisnitrobenzoic acid; FCA: Freund’s 

complete adjuvant; GSH: Reduced glutathione; IAEC: Institutional Animal 

Ethical Committee; NOR: Novel object recognition; NSAID: Non‑steroidal 

anti‑inflammatory drug; OECD: Organization for Economic Cooperation 

and Development; PBS: Phosphate‑buffered saline; ROS: Reactive 

oxygen species; SD: Standard deviation; SEM: Standard error mean; 

SOD: Superoxide dismutase; WHO: World Health Organization.
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INTRODUCTION
Pain is any unpleasant sensory and emotional experience associated with 
actual or potential tissue damage. Three major classes of pain have been 
classified depending on the receptors involved and the response pathways. 
The types are nociceptive pain, inflammatory pain, and pathological pain.[1]

Patients suffering from both inflammatory disorders and autoimmune 
diseases consume a high dose of painkiller during disease severity. 
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ANTI-INFLAMMATORY ACTIVITY OF ACMELLA ULIGINOSA (SW.) CASS. FLOWER
METHANOLIC EXTRACT ON MEMBRANE STABILIZATION AND PROTEIN

DENATURATION: AN IN- VITRO EVALUATION
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Cell and Molecular Biology Laboratory, University of North Bengal, Raja Rammohunpur,

Darjeeling 734013, West Bengal, India.
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ABSTRACT
The floral part of Acmella uliginosa plant is a common folklore pain-killer used in India and tropical countries. The plant
possesses potent anti-arthritic property as well. To establish the anti-inflammatory activity of the methanolic flower
extract in vitro, the human RBC membrane stabilizing activity and protein denaturation inhibiting activity were assessed.
The results showed that the red blood cell suspension treated with flower extract displayed very significant membrane
stabilization compared to untreated group. Plant extract, when incubated with RBC suspension at a dose of 400 µg/ml
showed 39.37±3.63 % stabilization in hypotonicity induced RBC membrane haemolysis and 25.22±0.98% stabilization in
heat induced RBC membrane haemolysis when compared to untreated groups. Similar result was found in protein
denaturation inhibition test. The extract treated hen’s egg albumin showed significantly less denaturation (26.52±2.39%)
compared to untreated group. The present study firmly indicated the role of Acmella uliginosa flower extract as a
potent anti-inflammatory agent.

Key Words: Acmella uliginosa, inflammation, membrane stabilization, protein denaturation, complementary and
alternative medicine, haemolysis.

*Author for correspondence: Prof. S. Bhattacharjee, E. Mail: soumenb123@rediffmail.com / sbhnbu@gmail.com

INTRODUCTION
Inflammation is a common complex

biological process in response to tissue injury,
infection, toxin exposure or chemical irritation. At
the site of injury and tissue damage, inflammation is
initiated by aggregation of immune cells from blood
vessels and release of immune reaction mediators
to eliminate foreign pathogens, resolving infection
and repairing injured tissues. The main function of
inflammation is protective which is rapid and self-
limiting, but when prolonged, it may cause various
chronic disorders and enhance extensive tissue
damage. To treat the consequences inflammation,
anti-inflammatory agents like non-steroidal anti-
inflammatory drugs (NSAIDs) or steroids are
available commercially. However, the consumption
of these conventional NSAIDs leads to different
side effects such as vomiting, dizziness, bleeding and

ulcers in the stomach and intestine [FDA Guideline
(www.fda.gov)], liver damage (Bessone, 2010),
renal impairment, chronic kidney disease (Nderitu
et al., 2013) and an increased risk of cardiovascular
diseases (Trelle et al., 2011).

Herbs play a major role in modern medicines.
The herbal resources constitute a major reservoir
for potentially active medicinal compounds all over
the World. The development and use of herbal
medicinal systems known as complementary and
alternative medicine (CAM) has come into
consideration due to their low side effects, low
costing, and ready availability. Countries rich in
biodiversity, including India, show herbal medicine
practices from ancient era. Ayurveda, Siddha, Unani
have been a major remedy against different odd
diseases. In CAM system, daily consumption of raw
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INTRODUCTION

Ethnic people have used herbal resources from ancient times to 
fulfill their nutritional and medicinal needs. A vast majority of 
the nutritional supplements and edible medicinal materials are 
either consumed as such from herbs or synthesized from herbal 
resources [1]. The interest of producing herbal formulations for 
medicinal purposes has developed due to their low side effects, 
low costing, and ready availability in countries such as India 
and China. In ethnobotanical knowledge, daily consumption 
of different plant parts and products are said to have disease-
modifying and disease-improving activities. However, scientific 
explanations and working principles of such crude plant parts 

or herbal formulations are not well-established experimentally. 
Acmella uliginosa (AU) (Sw.) Cass. (Family Asteraceae) is a plant 
found in the Northern part of West Bengal (known as North 
Bengal) and has a worldwide distribution [Figure 1]. These herbs 
grow up to 1 m, generally creep or sometimes stand erect, rooting 
at nodes, and their stems are sub-glabrous to scabrid-pilose. It 
has been used as food by many human populations all through 
the world. The Malay people, as well as the Rajbanshi people 
from Northern part of West Bengal, consume the plant and 
its flowers for symptoms such as tooth ache, mouth ulcer, and 
mouth ache [2]. When consumed, the flower has a characteristic 
pungent taste which is soon followed by a characteristic tingling 
and numbness of the tongue. The antinociceptive activity, anti-

Assessment of anti-infl ammatory and 
anti-arthritic properties of Acmella 
uliginosa (Sw.) Cass. based on 
experiments in arthritic rat models and 
qualitative gas chromatography-mass 
spectrometry analyses
Subhashis Paul1, Sudeb Sarkar2, Tanmoy Dutta1, 
Soumen Bhattacharjee1

ABSTRACT
Aim: The principle objective of the study was to explore the anti-arthritic properties of Acmella uliginosa 
(AU) (Sw.) Cass. flower in a rat model and to identify potential anti-inflammatory compounds derived from 
flower extracts. The synergistic role played by a combination of AU flower and Aloe vera (AV) gel crude 
extracts was also investigated. Materials and Methods: Male Wistar rats induced with Freund’s complete 
adjuvant (FCA) were used as a disease model of arthritic paw swelling. There were three experimental and 
two control groups, each consisting of five rats. Paw circumference and serum biochemical parameters were 
evaluated to investigate the role of the flower extracts in disease amelioration through a feeding schedule 
spanning 21 days. Gas chromatography/mass spectrometry (GC/MS) analyses were performed to search for 
the presence of anti-inflammatory compounds in the ethanolic and n-hexane solvent extracts of the flower. 
Results: As a visual cue to the experimental outcomes, FCA-induced paw swelling decreased to the normal 
level; and hemoglobin, serum protein, and albumin levels were significantly increased in the treated animals. 
The creatinine level was estimated to be normal in the experimental rats after the treatment. The combination 
of AU and AV showed the best recovery potential in all the studied parameters, confirming the synergistic 
efficacy of the herbal formulation. GC/MS analyses revealed the presence of at least 5 anti-inflammatory 
compounds including 9-octadecenoic acid (Z)-, phenylmethyl ester, astaxanthin, à-N-Normethadol, fenretinide 
that have reported anti-inflammatory/anti-arthritic properties. Conclusion: Our findings indicated that the 
crude flower homogenate of AU contains potential anti-inflammatory compounds which could be used as an 
anti-inflammatory/anti-arthritic medication.

KEY WORDS: Aloe vera, Freund’s complete adjuvant, rheumatoid arthritis
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Potent bioactive methanolic extract of wild
orange (Citrus macroptera Mont.) shows
antioxidative, anti-inflammatory, and
antimicrobial properties in in vitro, in vivo,
and in silico studies
Mousikha Lala1, Debabrata Modak2, Subhashis Paul2, Indrani Sarkar1, Ankita Dutta3, Anoop Kumar3,
Soumen Bhattacharjee2 and Arnab Sen1*

Abstract

Background: There is always an increasing demand for natural remedies from natural sources which can substitute
the synthetic therapeutic drugs and lessen their side effects. The present study aims to investigate the antioxidant,
anti-inflammatory, antimicrobial properties and in silico docking study of Citrus macroptera leaf (CML) extract in
both in vivo and in vitro aspect.

Material and methods: The antioxidant and anti-inflammatory potential of crude extract was investigated in vitro
and in vivo on Wistar albino rat. The antioxidant potentiality also investigated on HepG2 cell line. Antimicrobial
activity was evaluated against Staphylococcus sp. and Klebsiella sp. Chemical compounds of the crude extract were
identified by GC-MS analysis. In silico docking was also done against NF-ҡB protein.

Results: At 200 μg/ml concentration, CML significantly scavenges reactive oxygen species (ROS) which was generated
on HepG2 cell line. CML showed 71% anti-inflammatory activity (p ≤ 0.001) against carrageenan-induced paw edema
in albino Wistar rats. CML extract is very effective against staphylococcus sp. than Klebsiella sp. In the docking analysis,
the proximadiol and menthone had − 5.6 kcal/mol and − 5.7 kcal/mol binding affinity with the protein NF-ҡB.

Conclusion: In the present work, CML provided notable antioxidant, anti-inflammatory, and antimicrobial activity. This
activity was confirmed by both in vitro and in vivo followed by in silico docking technique. Overall, the experimental
results presented in this study suggest that crude extract of CML could be used as a promising antioxidant and anti-
inflammatory candidate with potential benefits.

Keywords: C. macroptera, Anti-inflammation, Antibacterial, HepG2 cells, Docking
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Validating potent anti-inflammatory and
anti-rheumatoid properties of Drynaria
quercifolia rhizome methanolic extract
through in vitro, in vivo, in silico and GC-
MS-based profiling
Debabrata Modak1, Subhashis Paul1, Sourav Sarkar1, Subarna Thakur2 and Soumen Bhattacharjee1*

Abstract

Background: The fronds of Drynaria quercifolia have traditionally been used in rheumatic pain management. The
goal of the present study was to validate the potent anti-inflammatory and anti-rheumatoid properties of the
methanolic-extract of its rhizome using in vitro, in vivo and in silico strategies.

Methods: The plant was collected and the methanolic extract was prepared from its rhizome. Protein denaturation
test, hypotonicity and heat-induced haemolysis assays were performed in vitro. The in vivo anti-rheumatoid
potential was assessed in Freund’s complete adjuvant (FCA)-induced Wistar rat model through inflammatory paw-
edema, haematological, biochemical, radiological and histopathological measurements. Moreover, metabolites of
methanolic extract were screened by gas chromatography-mass spectrometry (GC-MS) and 3D molecular structures
of active components were utilized for in silico docking study using AutoDock.

Results: In vitro results evinced a significant (p < 0.05) anti-inflammatory activity of the rhizome methanolic extract
in a dose-linear response. Further, Drynaria quercifolia rhizome methanolic extract (DME) significantly ameliorated
rheumatoid arthritis as indicated by the inhibition of arthritic paw-edema (in millimeter) in the rat rheumatoid
arthritis models in both the low (57.71 ± 0.99, p < 0.01) and high dose groups (54.45 ± 1.30, p < 0.001) when
compared to arthritic control. Treatment with DME also normalized the haematological (RBC, WBC, platelet counts
and hemoglobin contents) and biochemical parameters (total protein, albumin, creatinine and ceruloplasmin)
significantly (p < 0.05), which were further supported by histopathological and radiological analyses. Furthermore,
GC-MS analysis of DME demonstrated the presence of 47 phytochemical compounds. Compounds like Squalene,
Gamma Tocopherol, n-Hexadecanoic acid showed potent inhibition of cyclooxygenase-2 (COX-2), tumor necrosis
factor (TNF-α), and interleukin (IL-6) in the docking analysis.

(Continued on next page)
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ABSTRACT: Herein, inclusion complexation of host β-CD with guests,
viz. nicotinamide and pyridoxine (two active forms of vitamins), in both
aqueous medium and solid state has been explored by means of various
spectroscopic and physicochemical procedures. In vivo toxicity and in
vitro anti-inflammatory properties in experimental rat models through
membrane stabilization and protein denaturation test are studied here.
These imperative complexes, when orally consumed, showed no toxic
effect in experimental rats equal to the dose (400 mg/kg) of body weight
when fed up to 28 days. Binding constants for the inclusion complexes
have been designed by the Stern−Volmer approximation method and
found to be higher for pyridoxine, elucidated on account of their molec-
ular structural representation. Additionally, molecular docking aided to
enlighten the most possible mode of interactions among guests and
β-CD. Both of the encapsulated systems could potentially find applications
in vitamin B3 and vitamin B6 formulation for the purpose of enhancing stability, absorption, and controlled delivery of these
imperative vitamins. The use of β-CD as a drug delivery vehicle with vitamin B substituents into eukaryotic cells is well
documented and thus increases the bioavailability of diverse therapeutics.

1. INTRODUCTION

Cyclodextrin toroidally fashioned polysaccharides comprised
usually six to eight units of glucose. Cyclodextrin cavities com-
prise internal diameters, permitting them to outline inclusion
complexes (ICs) with diverse guests. These have been used
extensively to sculpt hydrogen bonds, π−π stacking, hydro-
phobic interactions, and metal−coordination bond interactions.
Vital assets of CDs are to select specific guests that could insert
into the cavity to form inclusion complexes. “β-CD−guest”
interaction is used as a model for the “enzyme active site”,
thereby engrossing the attention of several researchers. Studies
related to the inclusion of drugs into β-CDs are significant due to
progress in solubilization, constancy of the guest, and sustain-
ment of drug release, which represent possible applications in
drug constructions.1−4

Vitamins are a requisite for average growth and development
of multicellular organisms. This investigation comprises two
vitamins, which are being used as the guest moiety in the
inclusion complex formation. Inflammation is a basic immuno-
logical process elicited through the host body in reaction to any
foreign material entering the body. Different autoimmune diseases
and excess inflammation, however, play a negative role in damag-
ing the host body by numerous means. Diseases such as arthritis,
cancer, and diabetes are some examples of inflammatory

disarrays. Two vitamins used here are major elements in the
inflammatory process. Vitamin B3 has an active role in the
inflammation through regulation of Cox-2 and other proteins
and plays a vital part in inflammation regulation. It has been
observed that vitamin B6 deficiency is associated by impairment
in differentiation, monocyte-derived macrophage production,
T-lymphocytes, interleukin-2, and cytokines molecules, which
directs to an immunological dysfunction and low level of inflam-
mation in the host body. An adequate supplementary intake of
two vitamins is important to regulate the normal immune status.
Nicotinamide is an active form of amide of nicotinic acid.

Nicotinamide belongs to the category of water-soluble vitamins.
Nicotinamide has anti-inflammatory properties that are possibly
beneficial for the patients having inflammatory skin conditions.
Animal studies demonstrate that nicotinamide have an anti-
anxiety (anxiolytic) property. The formation of nicotinamide is
formerly the subject matter of both experiments and theoretical
modifications. The −NH2 group in nicotinamide can support the
formation of various associations using hydrogen bonding and a
variety of tautomers and rotamers in host−guest complexation.

Received: December 20, 2018
Accepted: April 4, 2019
Published: April 19, 2019

Article

http://pubs.acs.org/journal/acsodfCite This: ACS Omega 2019, 4, 7151−7175

© 2019 American Chemical Society 7151 DOI: 10.1021/acsomega.8b03574
ACS Omega 2019, 4, 7151−7175

This is an open access article published under an ACS AuthorChoice License, which permits
copying and redistribution of the article or any adaptations for non-commercial purposes.

D
ow

nl
oa

de
d 

vi
a 

22
3.

23
3.

22
.1

08
 o

n 
A

ug
us

t 4
, 2

01
9 

at
 1

5:
45

:4
0 

(U
T

C
).

Se
e 

ht
tp

s:
//p

ub
s.

ac
s.

or
g/

sh
ar

in
gg

ui
de

lin
es

 f
or

 o
pt

io
ns

 o
n 

ho
w

 to
 le

gi
tim

at
el

y 
sh

ar
e 

pu
bl

is
he

d 
ar

tic
le

s.

http://pubs.acs.org/journal/acsodf
http://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.8b03574
http://dx.doi.org/10.1021/acsomega.8b03574
http://pubs.acs.org/page/policy/authorchoice/index.html
http://pubs.acs.org/page/policy/authorchoice_termsofuse.html


 



PAPER PRESENTATION IN CONFERENCES 

International (1) 

 Paul, S., Modak, D. & Bhattacharjee, S. (2017). Evaluation of the role of Acmella uliginosa (Sw.) 

Cass flower methanolic extract in pain amelioration and its probable role in memory impairment: 

Advantages over opioid analgesics.  

“ISE-SFEC 2018”, January 13- 15, 2018 at the Department of Pharmacology, Dhaka University, 

Bangladesh. [Poster Presentation] 

National (7) 

 Paul, S. (2012). Evolution of the immune system. 

UGC sponsored National Seminar on “BIODIVERSITY AND SUSTAINABILITY VIS-À-VIS 

ECONOMIC DEVELOPMENT IN THE NORTHERN PARTS OF WEST BENGAL” August 26-27. 

2012 at the Department of Botany, Raiganj Surendranath Mahavidyalaya, Raigunj, WB. [Oral 

presentation] 

 Paul, S. & Chaudhuri, T. K. (2012). Immunopharmacological investigations of the plant Diascorea 

alata. 

UGC Sponsored National seminar on “RECENT ADVANCES IN LIFE SCIENCE 

APPLICATION” December 8-9, 2012 at the P.G. Department of Zoology, A.B.N.Seal College, 

Coochbehar, WB. [Oral presentation] 

 Paul, S. & Bhattacharjee, S. (2014). Anti-arthritic properties of crude Aloe vera gel in adjuvant 

induced arthritic rat models.  

UGC Sponsored Seminar on “BIOLOGICAL RESEARCH IN HUMAN WELFARE”, February 07, 

2014 at Department of Zoology, University of North Bengal, Siliguri, WB. [Poster Presentation] 

 Paul, S. & Bhattacharjee, S. (2015). Arthritic diseases: Disease detail, prevention and ways to 

healthy life. 

22nd WEST BENGAL STATE SCIENCE AND TECHNOLOGY CONGRESS 2015. February 28-

March 1, 2015 at the University of North Bengal, Siliguri, WB. [Oral presentation] 

 Paul, S. & Bhattacharjee, S. (2015). Anti-Arthritic and protective activities of unprocessed wild 

Aloe vera gel in FCA induced rat Arthritic Model.  

National Seminar on “APPLIED ZOOLOGY IN SUSTAINABLE DEVELOPMENT: AN 

UPDATE”, January 30 to February 02, 2015 at Department of Zoology, University of North 

Bengal, Siliguri, WB. [Oral Presentation] 



 


	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Materials and Methods 
	Human based studies 
	Rat model based study 
	Statistical analysis 

	Results 
	Discussion
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3
	References
	NBUJAS 9
	NBUJAS 10
	NBUJAS 11
	NBUJAS 12
	NBUJAS 13
	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Collection of plant materials and authentication
	Preparations of plant extract and dose determination
	Drugs and chemicals
	Experimental animal maintenance
	In vitro anti-inflammatory tests
	Collection of blood and preparation of erythrocyte suspension for in�vitro membrane-stabilizing experiments
	Hypotonic solution-induced hemolysis test
	Heat-induced hemolysis test
	Protein denaturation-inhibition test

	In vivo anti-arthritic tests
	Statistical analysis

	Results
	In vitro anti-inflammatory tests
	Effect of Aloe vera gel homogenate on hypotonicity-induced hemolysis of hRBCs
	Effect of Aloe vera gel homogenate on heat-induced hemolysis of hRBCs
	Effect of Aloe vera gel homogenate on protein denaturation-inhibition test

	In vivo anti-arthritic test

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Plant authentication
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

