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PREFACE 
I started my research work in February 2011 which has been documented in this dissertation 

entitled, “IMMUNOPHARMACOLOGICAL INVESTIGATIONS OF THE HERB NERIUM 

INDICUM MILLER (APOCYNACEAE)” under the supervision of Professor Tapas Kumar 

Chaudhuri, Cellular Immunology Laboratory, Department of Zoology, University of North 

Bengal. 

Since the last few decades, with the increasing rate of publications in medical and 

pharmacological journals, it was quite apparent that evidence based pharmacognostic studies 

on complementary and herbal medicine were booming. Synergistic activities of known 

phytochemicals, plant extracts or novel bioactive leads were constantly being identified by 

biophysical screening of medicinal plants. Furthermore, traditionally known therapeutic uses 

of different medicinal plants were being established through in vivo trails.  

At that juncture, I decided to evaluate certain immunopharmacological properties of Nerium 

indicum, which is commonly known as Oleander. N. indicum is an ethnopharmacological 

plant. Various parts of N. indicum is extensively used in the treatment of diverse ailments. 

Moreover, it is well known for its therapeutic efficacies in Indian and Chinese traditional 

medicinal systems. 

Therefore, in the present study, 5 different bioactivities of N. indicum leaf, stem and root 

namely antioxidant and free radical scavenging, immunomodulatory, anti-inflammatory, anti-

diabetic and hepatoprotective activities were evaluated using both in vivo and in vitro 

techniques. In addition, detail phytochemical investigations were performed using various 

techniques. 

The findings of the study are published in various research journals and are presented and 

discussed in details in the Results and Discussion part of this dissertation. 
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ABSTRACT 
Herbal medicine is the core of traditional medicine. Several plants has been identified and 

extensively utilized for their therapeutic value from the very beginning of civilization. Nerium 

indicum Mill. (syn. Nerium oleander L., Nerium odorum Aiton; family: Apocynaceae), 

commonly known as Oleander, is such an ethnopharmacological plant. It is routinely used in 

Indian and Chinese traditional medicine for the treatment of various diseases. Indian 

Ayurvedic medicinal system describes the usage of different parts of the plant to cure 

numerous aliments. Different groups of researchers have also reported some of its 

bioactivities. However, in spite of extensive used for therapeutic purpose, many of its claimed 

medicinal and pharmacological properties has never been studied through a systematic 

approach. Moreover, most of the previous studies remained confined in the bioactivity of N. 

indicum leaf. Thus, pharmacological properties of N. indicum stem and root remained 

unexplored. The complete phytochemical profile was mostly unknown as well, even though 

some bioactive constituents were identified and isolated previously. 

Therefore, the present study was conducted to evaluate some of the medicinal properties and 

related pharmacological potentialities of the major parts of N. indium i.e. leaf, stem and root. 

Initial screening was done by evaluating the in vitro antioxidant and free radical scavenging 

activities. The effect of N. indicum on immune system was evaluated by its effect on 

modulation of humoral immune response and macrophage activities. The effect of N. indicum 

leaf, stem and root extracts on various pro- and anti-inflammatory parameters were evaluated 

to study the possible anti-inflammatory activity as mentioned in ethnopharmacology. The 

acclaimed anti-diabetic activity of N. indicum was investigated on alloxan induced insulin 

dependent type 1 diabetes mellitus in murine model. The potent hepatoprotective potentiality 

was studied on haloalkane induced acute hepatic damage in mouse. In addition, detailed 

phytochemical analysis were also performed to elucidate the major bioactive species in the 

plant. 

The results indicated that the hydroxyl radical, hydrogen peroxide and hypochlorous acid 

scavenging activities were in the order leaf>stem>root, whereas the DPPH scavenging 

activity was greatest in stem, followed by root and leaf. The potentiality to scavenge 

superoxide radical and inhibit lipid peroxidation were in the order of root>leaf>stem. In case 

of other antioxidant assays, assorted results were observed such as leaf>root>stem for 

peroxynitrite and iron chelation activity; root>stem>leaf for reducing power and 

stem>leaf>root for ABTS and nitric oxide scavenging activity. The extracts demonstrated 
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superior bioactivities than the respective standards in case of hydroxyl, nitric oxide and 

hypochlorous acid scavenging assays. The estimated high level of phenolic an flavonoid 

content, also correlated with the antioxidant and free radical scavenging activities of N. 

indicum. 

In case of immunomodulatory activities, the extent of stimulation to murine humoral 

immunity evaluated by Plaque Forming Cell assay, Immunoglobulin M estimation and 

Hemagglutination (HA) titre were in the order of leaf>root>stem, where the effect of stem 

was fairly negligible. Among the three extracts, only leaf extract demonstrated significant 

(P<0.001) activity to modulate total macrophage count, phagocytic capacity as well as the 

respiratory burst activity. Percentage inhibition of cell adhesion property of macrophage and 

their myeloperoxidase reduction were in the sequence of leaf>stem>root and leaf>root>stem, 

respectively. Evaluation of anti-inflammatory activities demonstrated up-regulating IL-2, 

IFN-γ, IL-10 expression and down-regulating IL-4, TNF-α expression in vitro. Dose 

dependent inhibition of nitric oxide was evident in peritoneal exudate macrophage and splenic 

lymphocytes where root demonstrated better activity than leaf and stem. The effect of leaf 

extract was most prominent on inhibition on COX activities. The decrease in prostaglandin E2 

level highly correlated with the inhibition of COX activities. Inhibition of inflammation was 

visually demonstrated and estimated using paw edema model which resulted in decrease of 

hind paw edema in an order of leaf>root>stem. 

N. indicum demonstrated anti-hyperglycaemic activity by inhibition of in vitro α-amylase 

activity and blood glucose level in the degree of leaf>root>stem. The extent of inhibition of 

lipid peroxidation, restoration of blood insulin and decrease in HbA1c levels were almost 

equivalent in stem and root, however, predominant in leaf. Restoration of hepatic glycogen 

was almost comparable in all three extracts. Significant improvement of catalase and 

peroxidase levels in liver, kidney and skeletal muscle were also demonstrated by N. indicum 

extracts. Percentage decrease in liver marker enzymes and biochemical parameters were 

significant along with decrease in triglyceride and cholesterol levels, displaying potent 

antihyperlipidemic activity. Furthermore, excellent improvement of oral glucose tolerance 

was observed in leaf, followed by stem and root. 

The hepatoprotective evaluation of N. indicum extracts demonstrated substantial 

normalization of lever enzymes and biochemical parameters such as ACP, ALP, AST, GGT, 

ALT, albumin, globulin, bilirubin, urea, uric acid, LDH, cholesterol etc. both in in vitro and in 

vivo models. Normalization of hepatic catalase activity was highest in leaf however, all the 
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extracts demonstrated improvement of equivalent peroxidase activity. Inhibition of lipid 

peroxidation activity and protection form CCl4 mediated direct cellular death was highest in 

leaf. In vitro inhibition of the inflammatory markers viz. TNF-α and nitric oxide were in the 

order of leaf>stem>root. Visual signs of amelioration of CCl4 toxified liver were documented 

through histopathological studies, which demonstrated lowering of hepatocellular necrosis, 

bile duct proliferation, sinusoidal dilatation, inflammation (leukocyte infiltration), vascular 

congestion, loss of structure of hepatic nodules, hepatocellular fibrosis, fatty infiltration, 

vacuolar degeneration and calcification in the extract treated groups. 

For phytochemical profiling, N. indicum leaf, stem and root were initially screened 

biochemical for the presence/absence of the major classes of phytochemicals such as Tannin, 

terpenoid, glycoside, phenolics, flavonoid, steroid, anthraquinone, saponin, alkaloid etc. 

Quantitative estimation of various phytochemicals were performed which revealed the 

presence of varying degree of alkaloid, flavonoid, saponin, phenolics, riboflavin, thiamine, 

ascorbic acid, tannin etc. Various functional groups like alcohol, alkane, acid, amide, amine, 

aliphatic ketone, carbonyl, nitro group etc. belonging to different phytochemicals were 

identified using FTIR analysis. Various bioactive phenolic and flavonoid compounds such as 

gallic acid, 4-hydroxybenzoic acid, vanillic acid, jasmonic acid, p-coumaric acid, syringic 

acid, ferulic acid, myricetin etc. were identified and quantified in N. indicum extracts using 

reverse phase HPLC studies. Moreover, GC-MS analysis revealed the presence of several 

bioactive compounds with known pharmacological activities like vaccenic acid, phytol, oleic 

acid, tocopherol, vanillin, myristic acid, stigmasterol, sitosterol, isoeugenol, apocynin, 

tryptamine, squalene, lupeol etc. 

The present investigation thus, demonstrates potent medicinal and pharmacological activities 

of N. indicum as claimed in the traditional therapeutic systems. The immunopharmacological 

potentialities of N. indicum are attributed to the vast array of bioactive constituents identified 

in the plant. 
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1. Introduction 
Traditional herbal medicinal system, also known as phytotherapy, has evolved from the 

indigenous knowledge, skills and practice of the holistic health care strategy. It is worldwide 

recognized and accepted for its role in proper maintenance of health and in the treatment of  

diseases. Herbal therapies are based on indigenous theories, beliefs and experiences that are 

handed down from generation to generation (WHO, 2000). Traditional medicine has 

developed in accordance with the life style and cultural practices of the society throughout the 

centuries. Hands on practical experiences of the therapeutic efficiencies of different herbal 

remedies have enriched traditional knowledge around the globe. Indian, Chinese and Arabian 

traditional medicinal systems are highly developed and have gained importance in other 

countries too. Herbal medicine has emerged as a mode of complementary and alternative 

medicine to treat diverse diseases and pathological conditions. Dr. Margaret Chan (2008), 

WHO Director-General, described traditional medicine as, “For many millions of people, 

often living in rural areas of developing countries, herbal medicines, traditional treatments, 

and traditional practitioners are the main – sometimes the only – source of health care ……... 

this form of care unquestionably soothes, treats many ailments, reduces suffering, and relieves 

pain.” In spite of modern synthetic drugs and antibiotics, herbal drugs still have their place in 

day-to-day therapy. Their effectiveness, ease in access, low-cost and comparative freedom 

from serious side-effects makes these medicines not only popular but also an acceptable mode 

of treating diseases even in modern times. There have been increasing academic and industrial 

involvement in traditional medicinal research during the last several decades (Figure 1). 

 

The synthetic drugs and antibiotics are sometimes associated with adverse side-effects which 

include hepatotoxicity, hypersensitivity, immunosuppression and allergic reactions. With the 

emerging cases of antibiotic resistance in bacteria, there is a constant need for new and 

Figure 1: The global trend of 
increased interest in traditional 
and herbal medicine. The 
graphical representation is 
based on data collected from 
‘results by year’ option of the 
PubMed database with the 
keywords ‘traditional medicine’ 
and ‘herbal medicine’. 
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effective therapeutic agents from plants. Thus, the plant derived bioactive chemicals have 

drawn the main attention as a source of alternative medicines. 

In the line of screening of herbal medicines for their therapeutic purpose, one of the first and 

highly preferred approach is the evaluation of antioxidant and free radical scavenging 

activities of medicinal herbs. Oxidative stress has emerged as the corner-stone of the 

pathogenesis of several harmful diseases, disorders and syndromes (Figure 2). The harmful 

nature oxygen was first proposed by Gerschman and his group in 1954 which marked the  

 

Figure 2: Association of various diseases with free radical mediated oxidative stress 

(Positive health, 2011). 

beginning of oxidative stress and related toxicity (Gerschman, et al., 1954). In the following 

year, Harman (1956) proposed the role of free radicals in aging. Since then, numerous 

diseases were found associated with free radicals and oxidative stress, causing direct cellular 

damage or mediate indirect tissue injury by activating various death-signals in the cell. 

Oxygen, which is quintessential for the survival of the aerobes, paradoxically, turns toxic due 

to its oxidizing properties at cellular-molecular level. Inside the cell, through different 

interconnected reactions, various classes of free radicals are generated which ultimately leads 

to the damage of cellular biomolecular components (Figure 3). This had leaded the attention 

towards herbal antioxidants especially from the traditional medicine and dietary supplements 

for proper maintenance of the body and disease prevention. 
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Antioxidants may be defined as synthetic or natural compounds which inhibits or delays the 

oxidation process in other molecules (Halliwell, 1997). The basic mode of reactivity of 

antioxidants is donation of electron to unstable reactive species (Figure 4). In a broad 

perspective, antioxidants could be categorised into four groups: preventative antioxidants, 

free-radical scavengers, repair antioxidants and de novo antioxidants (Niki, et al., 1995; Niki, 

2010). Preventative antioxidants averts the formation of reactive chemical species by different 

methods such as by sequestering metal ions to prevent formation of hydroxyl radical (OH•) 

through Fenton reaction. Free radical scavengers neutralizes the reactive chemical species  

 

 

 

before they could react with the biomolecules, such as superoxide dismutase (SOD) 

neutralizes O2•- to hydrogen peroxide, which is further broken down to water and oxygen by 

catalase. Besides, many enzymes functions in parallel to repair free radical mediated damage, 

Figure 4: Neutralization of free radicals by 
antioxidants: Free radicals contain only a 
single electron in any orbital and are 
usually unstable toward losing or picking 
up an extra electron, so that all electrons in 
the atom or molecule will be paired. 
Antioxidants donate their electron to the 
free radical and stabilize the free radicals 
(Health Savor, 2015). 

Figure 3: Schematic 
representation of 
formation of various 
free radicals from 
oxygen (O2). O2•-: 
superoxide radical; 
SOD: superoxide 
dismutase; MPO: 
myeloperoxidase; 
H2O2: hydrogen 
peroxide. 
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remove tissue and cellular debris, reconstitute loss of cellular functions and participate in the 

generation of antioxidants and also regulate their functions (Niki, et al., 1995; Niki, 2010). 

Inflammation is generally manifested by oxidative stress and the process of induction of pro-

inflammatory signals such as cell adhesion molecules and interleukins are primarily induced 

by reactive chemical species. For example, the sub-clinical pro-inflammatory condition in 

atherosclerosis, cancer and aging are associated with the mitochondrial over-production of 

free radicals (Wolhuter & Till, 2010). The defensive role of the immune system against 

invading pathogens is by itself a source of reactive oxygen species (ROS), since activated 

neutrophils generate free radicals at a significant extent (Fialkow, et al., 2007). In addition, 

phagocytes, in response to bacterial cell wall component, generates O2•- catalysed by NADPH 

oxidase (Behe & Segal, 2007). The protease/anti-protease equilibrium residing in the 

intestinal interstitium is hindered by free radicals generated from the neutrophils, resulting in 

direct tissue injury. Metal ions within the immune system may catalyse the formation of free 

radicals which in turn induce autoimmune reactions (Brambilla, et al., 2008). In rheumatic 

joints, ROS are generated due to increased fibroblast and leucocyte activities, and 

antioxidants have proved their efficiency in the treatment of rheumatic arthritis by working as 

immunological adjuvant (van Vugt, et al., 2008; Helmy, et al., 2001). Various 

neurodegenerative diseases like Parkinson's disease, Alzheimer's disease, amyotrophic lateral 

sclerosis and multiple sclerosis are partially triggered by free radical medicated oxidative and 

nitrosative stress (Brambilla, et al., 2008).  

Oxidative stress in diabetic conditions causes different forms of tissue damage. Diabetes is 

usually accompanied by elevated reactive oxygen species (ROS) and or impaired 

antioxidative defences (Baynes, 1991; Baynes & Thorpe, 1999; Chang, et al., 1993; Halliwell 

& Gutteridge, 1990; Saxena, et al., 1993; McLennan, et al., 1991). In diabetes, ROS are 

chiefly generated through glycation reaction, which play a vital role in the development of 

diabetic complications (Kaneto, et al., 1999). Glucose is converted to reactive ketoaldehydes 

and to superoxide anion radicals (O2•-) through an enediol radical anion intermediate. O2•- 

undergoes dismutation to generate H2O2. H2O2 if not degraded by catalase, then generates 

highly reactive OH•. Alternatively, O2•- can also couple with NO to generate toxic 

peroxynitrite radical. Pancreatic β-cells are sensitive to ROS because the amount of 

antioxidative enzymes such as SOD, catalase and glutathione peroxidase is low in β-cells 

compared to other type of cells (Tiedge, et al., 1997). Peroxyl radicals remove proton from 
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the membrane lipids which cause lipid peroxidation and generating hydroperoxides which 

further propagate free radical mediated injury in diabetes (Halliwell & Gutteridge, 1990).  

Free radicals also actively participate in causing alcoholic and non-alcoholic liver diseases 

(Videla, 2009; Wu & Cederbaum, 2003). Generally fatty acids function as primary oxidative 

fuel in the liver. In steatohepatitis, signs of hepatic oxidative stress remain associated with 

low catalase activity, increment of 3-nitrotyrosine immunoreactivity and production of O2
•− 

and malondialdehyde by Kupffer cells, elevated NO expression, elevated 

immunohistochemical reactivity to 8-hydroxydeoxyguanosine and 4-hydroxy-2-nonenal 

(markers of oxidative DNA damage) and up-regulation of cytochrome P450-2E1 (Videla, 

2009). Under oxidative stress, liver damage may include biomolecular degradation resulting 

in loss of functions and impairment of cell viability and constant activation of redox-sensitive 

transcription factors (NF-kB, AP-1) leading to consistent expression of pro-inflammatory 

mediators for the Kupffer cells (Videla, et al., 2009). Besides, the cytochrome P450 activated 

drug derived reactive metabolites lead to protein dysfunction, DNA damage and extensive 

lipid peroxidation (Lynch & Price, 2007).  

Herbal immunomodulators are plant derived substances which possess the potentiality to 

stimulate or supress any component or function of the immune system (both innate and 

humoral) or work as adjuvant with other compounds (Agarwal & Singh, 1999). 

Immunostimulants may provide protection against microbial infections as well as enhance 

body’s resistance to allergy, autoimmunity and cancers. Immunosupresants may provide 

control of pathological immune response during autoimmune diseases, graft and 

hypersensitive reactions. Besides, immunoadjuvants may be used to intensify the efficiency of 

vaccines.  

Emerging vaccines coupled with botanical immunodrugs are coming up as an exciting field of 

therapeutics where conventional vaccines fail to deliver required immune response (Bendelac 

& Medzhitov, 2002). Bioactive polysaccharide containing Japanese traditional medicine 

Hochu-ekki cause human dendritic cell (DC) maturation by means of up-regulating CD80, 

CD83 and CD86 expression without antigen presentation (Nabeshima, et al., 2004). Saponins 

from Tripterygium wilfordii may provide an alternative class of pharmaceuticals because of 

its down-regulation of around 75% CD80 in human DC in an IL-10 independent manner, 

(Wang, et al., 2001). Targeting B-lymphocytes for effective antibody based immunity is also 

a routine method of immunomodulation. A polyphenol-rich extract of mango (Mangifera  
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indica Linn) containing 2.6% mangiferin was demonstrated to elevate the anti-sRBC 

hemagglutination titre (HA) around 20 fold in murine model (Makare, 2001). Furthermore, 

intraperitoneal immunization with dietary supplement components (carvone, limonene, and 

perillic acid) were shown to enhance the anti-sRBC HA titre 10 fold, which was proposed to 

occur as a result of B-lymphocyte proliferation resulting in upraised anti-sRBC plaque 

forming cell (PFC) response (Raphael & Kuttan, 2003). Similar approach was taken by Roy 

and his group (2013) who demonstrated modulation of HA titre and PFC values by Diplazium 

esculentum (Koenig ex Retz.) Sw. in experimental mice. Targeting TH1/TH2 cell effector 

function has evolved as a promising strategy where modulation of TH1 response into TH2 

response appears provocative (Patwardhan & Gautam, 2005). Saikosaponin-D, isolated from 

Chinese Thoroughwax (Bupleurum falcatum L.) enhanced Con A stimulated murine splenic 

lymphocytes which was associated with elevated IL-2 production (Kato, et al., 1994). Similar 

effect was observed in case a bioactive fraction of Dioscorea alata L. underground tuber, 

which demonstrated enhanced proliferation of murine splenic lymphocytes and modulated 

TH1/TH2 cytokine balance in vitro (Dey & Chaudhuri, 2014).  

Alternatively, Toll-like receptor (TLR) and associated innate immunity markers are presently 

being targeted for effective immunoadjuvants actions by the botanical immunodrugs 

(Patwardhan & Gautam, 2005; Chahal, et al., 2013). Liu, et al., (2008) demonstrated that a 

bioactive polysaccharide fraction from Dioscorea batatas stimulates murine macrophages 

trough TLR-4 associated protein kinase signalling in order to induce TNF-α secretion in vitro. 

Very recently Ghochikyan et al., (2014) reported Immunomax®, a herbal polysaccharide 

which possesses TLR-4 agonistic activity, which may contribute in its anti-cancer efficiency. 

Cytokines being the central in-house immunoregulators of the system, their modulation 

provides an excellent approach in the treatment and prevention of diseases and infections 

(Spelman, et al., 2006). Strategies of cytokine modulation include antagonist, agonist, 

inhibitory and stimulatory models in vivo and in vitro. For instance, Hodge, et al., (2002) 

proposed the use of garlic extract (Allium sativum L.) in the treatment of inflammatory bowel 

disease through inhibition of TNF-α, IL-1α, IL-6, IL-8 in monocytes and IFN-γ, IL-2, and 

TNF-α in T-lymphocytes. A detail review on selective botanical immunodrugs including 

dietary supplements demonstrating cytokine modulatory activity is given by Sommer (1999).  
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Figure 5: Schematic representation of cytokine interactions during inflammation (Life 
technologies, 2015). 
 
Numerous herbal remedies are presently being targeted towards different inflammatory 

mediators such as kinins, platelet-activating factors, arachidonic metabolites (prostaglandins), 

leukotrienes, amines, purines, pro- and anti-inflammatory cytokines, chemokines and cell-

adhesion molecules (CAM) (Levine & Reichling, 1999). In most anti-inflammatory studies, 

the strategies involved are: up-regulation of anti-inflammatory and down-regulation of pro-

inflammatory cytokines, suppression of COX activities leading to inhibition of prostaglandin 

levels, suppression of NF-κβ activation and suppression of iNOS induction. NF-κB controls 

the expression of genes encoding different pro-inflammatory cytokines (IL-1, IL-2, IL-6, 

TNF-α,), chemokines (IL-8,MIP-1α, MCP1), adhesion molecules (ICAM, VCAM, E-

selectin), inducible enzymes (COX-2 and iNOS), growth factors, some of the acute phase 

proteins, and immune-receptors, all of which play a critical role in controlling most of the 

inflammatory processes (Barnes & Karin, 1997; Ghosh & Karin, 2002). 
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Liver is one of the essential organs of the body, associated with different physiological 

process such as growth, immunity, reproduction, energy metabolism and nutrition. Synthesis 

and excretion of bile, albumin, and prothrombin is carried out by liver. It regulates one of the 

crucial arms of the humoral immune system by actively participating in production of 

complements. Liver performs central role in the transformation and metabolism of xenobiotic 

compounds such as drugs and pharmaceuticals, which in turn cause liver injury, resulting in 

ionic imbalance, formation of reactive metabolic species (RMS) causing oxidative stress, 

hindrance in signal transduction pathways, translational inhibition at multiple levels, Ca2+ 

shift, impairment of mitochondrial respiratory chain and β-oxidation. In spite of the fact that 

liver possess the greatest regenerative capacity, but sub-clinical liver injury is very often 

caused by the harmful chemicals, especially by their metabolites (Figure 6). Therefore, 

safeguard of the hepatic system is of utmost importance from the physiological point of view. 

 
Figure 6: Summarizes the various events which occur during the Drug Induced 
Hepatotoxicity (Dey, et al., 2013). 

Drug Induced Hepatotoxicity (DIHT) has emerged as a tremendous concern in medicine in 

recent years, where around 75% of idiosyncratic drug reactions results in either liver 

transplantation or proves to be lethal (Mehta, et al., 2014). Every year around 2000 cases of 

acute liver failure occurs in US, out of which around 50% cases are associated with DIHT 

(Dewantara, 2008). At present there are around 900 compounds in the market in the form of 
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different drugs and supplements which holds the potential to cause liver injury (Pandit, et al., 

2012). Hepatotoxicity is one of the major reasons of drugs being withdrawn from the market. 

Numerous nonsteroidal anti-inflammatory drugs (NSAID) such as amphenac, benoxaprofen, 

bromofenac, cinchophen, fenclozic acid, fluproquazone, glafanine, isoxepac, pirprofenac, 

phenylbutazone, sudoxicam etc. were withdrawn from the market due to hepatotoxic nature 

(Zimmerman, 1990). In practice, hepatotoxicity is primarily classified as (i) elevation of GPT 

or ALP level in hepatocellular injury; (ii) elevation of ALP and serum bilirubin in cholestatic 

injury and (iii) GPT and ALP increase in mixed injury (Navarro & Senior, 2006). 

Liver is closely associated with the gastrointestinal system and therefore, received large 

amount of blood containing toxic chemicals, xenobiotics and drugs. Biotransformation of 

these chemicals through cytochrome P450 generates reactive metabolites of the chemicals 

(Lynch & Price, 2007). These metabolites reacts with cellular biomolecules causing protein 

dysfunction, lipid peroxidation, DNA damage, further leading to oxidative stress. This results 

in ionic imbalance and disruption of intracellular Ca2+ storage causing mitochondrial 

dysfunction. Generation of the free radicals activates pro-inflammatory signals in the 

hepatocytes which trigger various immunoregulatory cells such as natural killer T (NKT) 

cells, Kupffer cells and natural killer (NK) cells. These cells further secret inflammatory 

cytokines such as TNF-α, interferons and interleukins which promotes tissue damage (Blazka, 

et al., 1995). 

Use of herbal hepatoprotective remedies is popular in Ayurveda, Siddha, Unani, Amchi and 

Chinese systems of traditional medicine. Around 77 herbs are mentioned in Ayurveda to 

possess hepatoprotective potentials (Kshirsagar, et al., 2011). At present there are around 89 

Ayurvedic formulations which are used by 37 Indian pharmaceutical companies to prepare 

hepatoprotective drugs (Kshirsagar, et al., 2011). Different herbal formulations of Ayurvedic, 

Siddha and Unani medicinal systems have already been approved by The Indian Medicinal 

Practitioner’s Co‑operative Pharmacy and Stores (Thyagarajan, 1996). The bioactive 

constituent silymarin (consists of isomeric flavolignans‑silybin, silydianin and silychristen) 

isolated from milk thistle seeds (Silybum marianum) has been proved to possess tremendous 

hepatoprotective capacity and accounts for 180 million US dollars business in Germany alone 

(Pradhan & Girish, 2006). Another polyherbal formulation Liv 52, which is a phytococtail of 

around 18 plants, is extensively used as hepatoprotective medicine (Singh, et al., 1983) and 

several studies have already demonstrated the hepatoprotective properties of Liv 52 (Chauhan 

& Kulkarni, 1991; Huseini, et al., 2005; Gopumadhavan, et al., 1993). Among the Indian 
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medicinal plants, Kalmegh (Andrographis paniculata), Bhuia amla (Phyllanthus niruri), 

Indian bearberry (Berberis aristata), Turmeric (Curcuma longa), Kutki (Picrorhiza kurroa), 

Mulethi (Glycyrrhiza glabra), Punarnava (Boerhavia diffsa), Tulsi (Ocimum sanctum), 

Chicory (Cichorium intybus), Bhringa raja (Eclipta alba), Kanak champa (Pterospermum 

acerifolium), Guduchi (Tinispora cordifolia), Chirayata (Swertia chirata) etc. are routinely 

used to ameliorate liver related complications. 

Traditional herbal remedies are also extensively used worldwide for the treatment of diabetic 

complications which is one of the major challenge to the global healthcare system. Diabetes 

prevalence, according to International Diabetes Federation (2013), is expected to rise to 552 

million by the year 2030 from the present count of 371 million in 2012. It sounds horrible that 

every 6 seconds, a person dies from diabetes and it has been estimated that by the end of 

2013, globally 5.1 million deaths might have occurred due to diabetes costing $546 billion 

USD which accounted for 11% of expense in global healthcare (International Diabetes 

Federation, 2013). 

Diabetes mellitus is a combined phenotype of several metabolic complaints which affects 

different organs of the body (Figure 7). Increasing evidence suggests that oxidative stress 

(Figure 8) plays a key role in the pathogenesis of diabetes mellitus and its complications 

(Brownlee, 2001). Glucose metabolism gets severely hindered due to improper insulin 

production from the pancreatic β-cells (Jarald, et al., 2008). Glycogen catabolism in liver 

increases due to low insulin level resulting in low hepatic glycogen content in diabetes. 

Hepatic damage induced in such condition may demonstrate elevation of the liver marker 

enzymes such as transaminases and phosphatases (Amarapurkar & Das, 2002). Diabetic 

nephropathy results in further increase of urea, uric acid and creatinine level in serum. 

Besides, hyperglycaemia induces oxidative stress exacerbates the pathogenesis of diabetic 

complications (Johansen, et al., 2005). 

The earliest known use of herbal medicine for the treatment of diabetic complications is found 

in the Ebers Papyrus of about 1550 BC (Pushparaj, 2004). Today, a staggering 80% people 

suffering from diabetes belong to low- and middle-income countries (International Diabetes 

Federation, 2013) and due to easy availability and low cost, traditional medicine is the 

primary therapeutic approach in those countries. Around 21,000 plants were listed by WHO to 

possess medicinal properties and 800 of them were reported to possess anti-diabetic properties 

(Rizvi & Mishra, 2013). Numerous Indian medicinal plants have been identified which holds 
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the potentialities to lower blood glucose levels and diabetes associated metabolic 

complications such as Babul (Acacia arabica), Bael (Aegle marmelose), Onion (Allium cepa), 

garlic (Allium sativum), Ghrita kumara (Aloe vera), Neem (Azadirachta indica), Beetroot 

(Beta vulgaris), Fever nut (Caesalpinia bonducella), Ivy gourd (Coccinia indica), Eucalyptus 

(Eucalyptus globules), Banyan tree (Ficus benghalenesis), Gurmar (Gymnema sylvestre), 

Sweet potato (Ipomoea batatas), Karela (Momordica charantia), Mulberry (Morus alba), 

Basil (Ocimum sanctum), Pomegranate (Punica granatum), Jamun (Syzygium cumini), Methi 

Figure 7: The effect of 
diabetes on different 
systems of the body 
including (anti-
clockwise) respiratory, 
digestive, endocrine, 
immune, urinary, 
skeletal, reproductive, 
muscular, circulatory 
and nervous system 
(Diabetes and the 
body, 2015) 

Figure 8: Oxidative stress 
pathways in diabetes 
mellitus. Several studies 
of diabetic micro and 
macrovascular 
complications suggests 
mitochondrial superoxide 
overproduction as the 
main cause of metabolic 
abnormalities of diabetes 
(Morales-Gonzalez, 2013). 
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(Trigonella foenum-graecum), etc. Various groups of researchers have also identified some 

active ingredients with anti-diabetic potentialities in different medicinal plants. For instance, 

castanospermine (alkaloid) isolated from seeds of Castanospermum australe; epicatechin 

(flavonoid) isolated from the heartwood of Pterocarpus marsupium, and neomyrtillin 

(glycoside) isolated from Vaccinium myrtillus were claimed to possess anti-hyperglycaemic 

activities (Day, 1990). A systemic review of anti-diabetic herbs and dietary supplements by 

Yeh and her group (2003) revealed that among more than 100 trials of anti-diabetic herbal 

supplements, significant therapeutic efficiencies were reported in 88% cases of those 

examining single herbs, 60% cases of those examining combination herbs, and 67% cases of 

those examining vitamin or mineral supplements. Silymarin from milk thistle have 

demonstrated to lower glucose level in blood and urine in addition to HbA1c, C-peptide levels 

and insulin requirement in diabetic conditions (Velussi, et al., 1997). Different varieties of 

Ginseng (genus Panax) have demonstrated excellent anti-diabetic properties through 

modulation of blood glucose, insulin, HbA1c, homeostasis model assessment of insulin 

resistance (HOMA-IR) levels in several controlled clinical trials (Shishtar, et al., 2014). 

Moreover, different traditional medicinal systems around the globe utilizes various herbal 

remedies for the treatment of diabetogenic complications and their efficiencies are 

continuously being established through in vivo and in vitro bioassays by different groups of 

researchers. 

Potent therapeutic properties of the phytomedicin are due to the presence of diverse class of 

bioactive phytochemicals, most of which are secondary metabolites (Figure 9). Around 30% 

of FDA approved medicines have a botanical origin (De Smet, 2002; Licciardi & Underwood, 

2011) and designer drugs are continuously being synthesized solely based on the structural 

and functional template of plant derived compounds. Till date, numerous plant derived 

compounds have been used in clinical practice. Few such major compounds are anti-

neoplastic Paclitaxel from Taxus brevifolia, anti-cancer Vincristine/Vinblastine from Rosy 

periwinkle, anti-malarial Quinine from Cinchona ledgeriana, cadiotonic Digoxin from 

Digitalis lanata, analgesic morphine from Papaver somniferum, anti-hypertensive Reserpine 

from Rauwolfia serpentine, anti-cholinergic Atropine from Atropa belladonna, anti-asthmatic 

Ephedrine from Ephedra sinica, bronchodilator Theophylline from Camellia sinensis etc. 

Phytocompounds of diverse chemical natures such as isoflavonoids, indoles, phytosterols, 

polysaccharides, sesquiterpenes, alkaloids, polyphenols, glucans and tannins are currently 

being investigated for possible immunomodulatory activities. Few such immunoactive leads 
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from herbal source are Ginsan (polysaccharide from Panax ginseng), Triptolide (terpenoid 

from Tripterygium wilfordii); Mistletoe lectin (lectin from Viscum album); Piperine (alkaloid 

from Piper longum), Matrine (alkaloid from Sophora alopecuoides), Sinomenine (alkaloid 

from Sinomenium acutum), Artemisinin (lactone from Artemisia annua), Apocynin (glycoside 

from Picrorhiza kurroa) and Shatavarin (saponin from Asparagus racemosus). 

 

Figure 9: Simplified representation of the metabolic pathway of formation of various 
classes of plant secondary metabolites (Morales-Gonzalez, 2013) 

Plant derived phenolic compounds possess aromatic rings with one or more hydroxyl group 

attached to it. These are secondary metabolites comprising a large variety of compounds 

including simple phenols, phenolic acids, coumarins, flavonoids, stilbens, hydrolysable and 

condensed tannins, ligans and lignins (Naczk & Shahidi, 2004). Numerous phenolic 

compounds have been identified to possess various medicinal properties such as antioxidant, 

anti-carcinogenic/anti-mutagenic, anti-inflammatory, immunomodulatory, anti-diabetic, 

hepatoprotective, anti-microbial etc. (Huang, et al., 2010). The physiological and 

pharmacological properties of the phenolic compounds are mainly attributed to their 

antioxidant and free radical scavenging capacities (Surh, 2003), which varies in different 

phenolic compounds depending on the number and position of the hydroxyl groups as well as 
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chemical substitutions (Cai, et al., 2006; Heim, et al., 2002). The basic mechanism of their 

antioxidant capacity includes: (i) ROS scavenging, (ii) inhibiting generation of ROS either by 

enzymatic suppression or metal chelation and (iii) up-regulating antioxidative defence 

enzymes. 

Different medicinal plants such as Barringtonia racemosa, Cornus officinalis, Cassia 

auriculata, Polygonum aviculare, Punica granatum, Rheum officinale, Rhus chinensis, 

Sanguisorba officinalis, and Terminalia chebula and different dietary supplements like tea, 

clove and thyme were reported to contain gallic acid which possesses a vast array of 

bioactivities (Huang, et al., 2010). Bioactive p-coumaric acid, ferulic acid and caffeic acid are 

the major bioactive constituents of various medicinal herbs, vegetables and fruits (Cai, et al., 

2004). Medicinal plants of the Apocynaceae and Asclepiadaceae family are reported to 

contain chlorogenic acid, which is ester of caffeic acid (Huang, et al., 2007). Potent 

antioxidant phenolic compound rosmarinic acid is abundant in mint, sweet basil, oregano, 

rosemary, sage, and thyme (Shan, et al., 2005). 

Flavonoids are the most common and widely distributed naturally occurring phenolic 

compounds in photosynthetic plants (Kumar & Pandey, 2013). Antioxidant activity of 

flavonoids depends on the arrangement of functional groups around the nuclear structure. The 

B-ring hydroxyl group configuration is the primary determinant of the antioxidant and free 

radical scavenging capacity of flavonoids because it donates proton and an electron to 

different free radicals and thereby, generating a stable flavonoid radical (Cao, et al., 1997). 

Flavonoids possess lower redox potentials and therefore, are thermodynamically capable to 

reduce some highly oxidizing free radicals such as OH•, peroxyl, O2•- and alkoxyl radicals 

(Kumar & Pandey, 2013). Catechin, apigenin, quercetin, naringenin, rutin and different other 

flavonoids are reported to possess hepatoprotective capacities (Tapas, et al., 2008). The 

flavonoid silymarin, composed of silibinin, silydianine, and silychristine, is a well-known 

hepatoprotective agent and routinely used as a standard in other hepatoprotective studies 

(Wellington & Jarvis, 2001; Saller et al., 2001; Ball & Kowdley, 2005). The pharmacological 

properties of silymarin includes maintenance of cell membrane permeability and integrity, 

inhibition of leukotriene, ROS scavenging, suppression of NF-𝜅𝜅B activity, depression of 

protein kinases, collagen production (He, et al., 2004) and has clinical application in liver 

cirrhosis, ischemic injury, and toxic hepatitis (Saller, et al., 2001). Different flavonoids such 

as hesperidin, apigenin, luteolin, and quercetin were reported to have anti-inflammatory and 

analgesic activities. Different flavonoids affects the enzymatic cascade of the inflammatory 
14 

 



process i.e. the tyrosine and serine-threonine protein kinases (Nishizuka, 1988). Moreover, 

flavonoids are also reported to inhibit and/or down-regulate some of the major inflammatory 

mediators such as inducible NO synthase, cyclooxygenase and lipooxygenase (Tunon, et al., 

2009). However, this is noteworthy that in traditional medicinal systems, the phytocompounds 

are not isolated from their natural sources and are administered as whole in the form of crude 

extracts. Those possibly lead to either prominent bioactivities of one of the lead compound or 

synergistic activities of the phytochemical cocktail. 
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Objectives 
N. indicum is known for its therapeutic efficiencies for ages. Numerous surveys have enlisted 

the ethnopharmacological uses of N. indicum by indigenous people for the treatment of 

diverse ailments. Evidence based research have already demonstrated different 

pharmacological properties of N. indicum. However, majority of those studies were either 

confined mainly to evaluate the anti-cancer properties or the studies were not systematic 

enough. Besides, most of the former studies evaluated the therapeutic efficiencies of the 

oleander leaf only and therefore, the potentiality of stem and root remained unexplored. 

Therefore, the present study was designed to evaluate certain immunopharmacological 

properties of N. indicum, based on its ethnopharmacological claims. The investigation was 

primarily divided into six parts which evaluated the immunomodulatory, anti-inflammatory, 

antioxidant, anti-diabetic and hepatoprotective properties of N. indicum. Moreover, detailed 

phytochemical investigations were also aimed to reveal the chemical composition of N. 

indicum. Thus, the present work took up the following objectives: 

i. Study of the immunomodulatory effects of the leaf, stem and root of N. indicum. 

ii. Study of the anti-inflammatory potentials of N. indicum. 

iii. Investigation of the antioxidant profile and reactive oxygen species scavenging 

activities of leaf, stem and root extracts of N. indicum. 

iv. Evaluation of the hepatoprotective activities of N. indicum. 

v. Study of the anti-diabetic activities of N. indicum. 

vi. Quantitative and qualitative estimation of different phytochemicals in leaf, stem and 

root of N. indicum. 
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2.  
REVIEW 

OF 
LITERATURE 



2. Review of literature 
The review of literature on N. indicum is particularly concentrated on its medicinal and 

pharmacological aspects, especially highlighting on its ethnomedicinal use and evidence 

based scientific reports of its pharmacognostic activities. University of North Bengal library 

web portal (http://10.10.2.100/opac/opac.asp) and manual internet search were performed 

using various keywords related to the plant such as ‘Nerium indicum’, ‘Nerium oleander’, 

‘common Oleander’, ‘Nerium and traditional medicine, ‘Nerium and therapeutic’, ‘Nerium 

and anti-cancer’ etc. In addition, reference and bibliographies of several published articles 

were searched for related keywords. Search for published research articles were separately 

performed in Medline, Scopus, Google Scholar and EBSCO. Different criteria of inclusion 

were adopted like:  

• Nerium oleander, common oleander and Nerium odorum were considered to be the 
synonyms of Nerium indicum. 

• The yellow oleander Thevetia peruviana (syn. Cascabela thevetia) was considered 
separate plant. 

• All kind of study (in vitro, in vivo, ex vivo, in silico) on animals and humans were 
included. 

2.1. Botanical description 
Nerium indicum Mill is an evergreen plant belonging to the family Apocynaceae. It is widely 

cultivated in all over the world, especially in south-west Asia. Classification of the plant is as 

follows: (Spice and medicinal herbs, 2012) 

Kingdom- Planate 

       Division- Tracheophyta 

              Class- Magnolipsida  

                     Order- Gentianales 

                            Family- Apocynaceae 

                                   Genus- Nerium 

                                          Species- Indicum 

The plant grows naturally in different parts of the world starting from Mauritania, Morocco, 

Portugal to the entire Mediterranean region, expanding through Sahara to the Arabian 

peninsula and southern Asia. But its white flower variety plant, N. indicum is exclusively 

native to India, Bangladesh, Nepal, Myanmar and China.  
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Figure 10: Picture of white variety of N. indicum. 

The plant is most commonly known as Oleander in English, Seth Karabi (white flowered 

variety) in Bengali and Kaneer in Hindi. Different accepted synonyms of the plant includes: 

Nerium oleander L., Nerium odorum Aiton, Nerium japonicum Gentil, Nerium flavescens 

Spin, Oleander indica (Mill.) Medik., Oleander vulgaris Medik., Nerium grandiflorum Desf. 

etc (The Plant List, 2013). The plant is upright, rounded evergreen sub-tropical to tropical in 

nature and grows up to 2-6 m in height. The leaves are around 5-21 cm long with narrow 

shape, willow-like and linear-lanceolate. Leaves are thick, leathery, hairless and dark-green in 

colour. The erect stems spread outward with maturation and possess greyish bark. The sap is 

viscous and gummy. Each leaf have a distinct midrib with parallel secondary veins extending 

towards the leaf margin. Flowers of white, pink or red colour grow in cluster at the end of 

each branch. They are tubular in shape comprising of five lobes. The fruits are of slender, 

long, capsular shape consisting of two follicles. 

2.2. Ethnopharmacology and traditional use 
Medicinal usage of the plant dates back to 1500 BC in ancient Mesopotamia (Isaacs, 2008). 

Plant based medicines are the pillars of traditional therapeutics. N. indicum is one such plant, 

widely used in ethnomedicinal practices all over the world for the treatment of dermatitis, 

eczema, psoriasis, herpes, sores, abscesses, warts, corns, skin cancer, ringworm, scabies, 

epilepsy, asthma, malaria, and heart disease (Nerium Biotechnology, 2015). It is interesting to 
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note that, in Dan Brown’s historical mystery-fiction ‘The da Vinci Code’, rose is symbolized 

as the feminine half of God, which highlighted potent healing power as told in Pagan and 

early Christianity. Perhaps due to the same reason, the plant is mentioned as the ‘desert rose’ 

which symbolized its potent medicinal properties (Isaacs, 2007). 

N. indicum is a well-known name in traditional medicine in different parts of the world 

especially in India (Dastur, 1985; Khare, 2007; Ghosh, 2008) and China (Ji, 1999; Ding, et 

al., 2003; Fu, 2005; Gayathri, et al., 2013). In ethnomedicinal, the plant is used for the 

treatment of diverse ailments such as cardiac illnesses, asthma, corns, cancer, and epilepsy 

(Duke, 1985). In Ayurveda, different polyherbal formulations contained parts of N. indicum 

as active constitutes (Easyayurveda, 2013) such as: Manikya Ras (against fever and allergic 

dermatitis), Chitrakadi Taila (to treat fistula) and Brihat Marichadi Taila (for the treatment of 

spondylotic pain, sciatica). The plant has also been mentioned in the writings of Charaka and 

Sushruta for its medicinal properties. It is prescribed for the treatment of skin disease and 

inflammatory infections in Sanskrit medicinal literatures (Dutt, 1922). Due to its potent 

medicinal properties, the plant has also been included in the Indian Ayurvediac pharmacopeia 

(1978). The detailed description of the therapeutic and medicinal properties along with 

prescribed doses of N. indicum mentioned in Ayurveda are enlisted in different Indian 

ethnopharmacological books such as Bhavaprakasa Nighantu (Bhavamisra, 1995), 

Dhanvantari Nighantu (Sharma, 2002), Chakradatta (Sharma, 1994) etc. In Russia and China, 

N. indicum is used for the treatment of cardiac abnormalities (Sreenivasan, et al., 2003). A 

green dye from the flower is used in the treatment of skin diseases and is also claimed to 

possess wound healing and anti-inflammatory properties. Hot water leaf and seed extracts of 

the plant are used to cure upper respiratory tract and gastrointestinal infections in Kenya 

(Nanyingi, 2008). The juice prepared from the stem bark of N. indicum is used to cure ear 

pain in the traditional therapeutic systems in the Kancheepuram district of Tamil Nadu, India 

(Muthu, et al., 2006). In Turkish folklore medicinal system, it is used to treat paralysis, 

extreme pains, swellings and common cold (Yesilada, et al., 1999; 2002). In the folklore 

medicinal system of Calabria, situated in southern Italy, the plant is used for the treatment of 

malaria by the natives (Tagarelli, et al., 2010). In Trinidad and Tobago, the plant extract is 

extensively used for reproductive problems (Lans, 2007). It is also used as anti-diabetic 

medicine in Morocco (Bnouham, et al., 2002; Jouad, et al., 2001), Pakistan (Hussain, et al., 

2013), in different parts in Algeria (Rachid, et al., 2012) as well as mentioned in Ayurveda for 

the same properties (Sudha, et al., 2011). In Iloilo, Philippines, the plant is used as 

ethnomedicine to treat fever, headache and dermatological problems (Tantiado, et al., 2012). 
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In the Errachidia province of Morocco, N. indicum is used in the treatment of hypertension 

and diabetes (Tahraoui, 2007). Moreover, it is interesting to note that a recent survey by Saha 

et al., (2014) in Madla district in West Bengal, India, revealed that the leaves of N. indicum 

are used in one of the traditional anti-diabetic formulations by the local indigenous people. 

 

2.3. Pharmacological activities 
In past few decades, the focus of medicinal and pharmaceutical science has shifted from 

antibiotics and synthetic drugs to plant based natural remedies. As a result, extensive research 

on the medicinal properties of N. indicum have revealed its therapeutic potentials which are 

discussed below: 

2.3.1. Antioxidant activity 
Singhal and Gupta (2012) demonstrated the free radical scavenging activity of methanolic 

flower extract by studying reducing power, lipid peroxidation, DPPH, ABTS, superoxide 

anion, hydroxyl radicals and metal chelation activities in vitro. Furthermore, they 

demonstrated that the same fraction normalized hepatic SOD and inhibited lipid peroxidation 

in CCl4 toxified animals. Gayathri et al., (2011a) showed the antioxidant activity of glycosidic 

and nonglycosidic fractions from the flower using ABTS and DPPH assays. However, this is 

to note that in the complex cascade of free radicals numerous reactive species are generated 

causing cellular and sub-cellular damage. Therefore, all the major parts of N. indicum was 

required to evaluated for their antioxidant activities concentrating on the free radical 

scavenging assays. 

2.3.2. Antinociceptive activity 
Zia, et al., (2005) isolated two bioactive fractions namely B1 and B2 from the methanolic 

extract of N. indicum and evaluated their effect on central nervous system and behaviour 

pattern in mice using p-benzoquinone induced abdominal contraction model. The result 

indicated that both fractions affected the locomotor activity, rotarod performance and 

potentiation of hexobarbital sleeping time in the experimental animals. The number of 

writhing were minimal in the extracts of fresh (15.0±0.6) and dried flowers (15.0±0.7) with an 

inhibitory ratio of 66.6% (P<0.001) in both cases out of the extracts of fresh flower, dried 

flowers and leaves prepared in methanol and water. 
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2.3.3. Antibacterial activity 
Hussain and Gorsi (2004) evaluated the cold chloroform, ethanol and methanol extracts of 

and root bark and leaves of N. indicum against Bacillus pumilus, Bacilllus subtilis, 

Staphyloccus aureus, Escherichia coli. The zone of inhibition of the chloroform leaf extract 

resulted in a zone of inhibition of 19 mm throughout the experiment (48-46 h). At 96 h the 

activity of ethanolic leaf extract was optimum against B. pumilus and S. aureus, resulting in 

zone of inhibition of 24 mm each. The methanolic root extract demonstrate comparatively 

better anti-bacterial activity among the all extracts. Furthermore, Bhuvaneshwari, et al., 

(2007) studied the anti-bacterial activity of benzene, chloroform and alcohol extracts of root, 

bark and leaves using disc diffusion method. The results revealed that Staphylococccus 

aureus, Pseudomonas aeruginosa and Salmonella typhimurium resulted in better growth 

inhibition having a zone of inhibition of 10 mm, 9 mm and 7 mm respectively. De Britto, et 

al., (2011) also demonstrated the antibacterial activity of the methanolic extract of the leaves. 

Among various human pathogenic bacteria under evaluation, the growth of only 

Pseudomonas vulgaris, Streptococcus aureus, Staphylococcus aureus, Shigella boydii and E. 

coli were found to be inhibited due to the plant extract. 

2.3.4. Anthelmintic activity 
The anthelminthic activity of Nerium flower was evaluated by two different groups of 

researchers. Khan and his group (2011) studied the effect of aqueous extract of Nerium flower 

on the time of paralysis and time of death of Pheretima posthumad i.e. Indian earthworm, 

using albendazole as reference compound. At the highest dose of 100 mg/ml, the extract took 

03.40±0.29 min to paralyse and 5.58±0.45 min to kill the experimental earthworms. In a 

similar in vivo experiment, Nitave and Patil (2014) demonstrated that the time of paralysis for 

Nerium indicum flower aqueous and ethanolic extracts at 100 mg/ml were 18.50±0.67 min 

and 8.66±0.49 min, respectively. The time of death were calculated to be 37.83±0.60 min and 

20.16±0.65 min, respectively at the same concentration.  

2.3.5. Anti-fungal activity 
The anti-fungal activity of ethanolic flower extracts of this plant against different fungal 

pathogens was studied by Hadizadeh, et al., (2009). At the optimum concentration of 0.9%, 

the flower extract resulted in 46.3±0.02%, 70.3±0.05%, 90.3±0.01% and 89.2±0.13% growth 

reduction for Alternaria alternate, Fusarium oxysporum, Fusarium solani and Rizoctonia 

solani respectively. Moreover, Kalita and Salkla (2012) studied the antifungal activity of 50% 
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ethanol fraction of N. indicum leaves against Aspergillus niger and Candida albican. The 

zone of inhibition of 10 mm and 13 mm were found in case of A. niger and C. albican, 

respectively. 

2.3.6. Antiviral activity 
Rajbhandari, et al., (2001) demonstrated that the methanolic extract of N. indicum possess 

inhibitory activity against influenza virus and herpes simplex virus. The extract showed IC50 

value of 10 μg/ml against the influenza virus. Singh and her team studied (2013) the effect of 

an aqueous extract (Anvirzel™) of the plant on HIV infectivity in human peripheral blood 

mononuclear cells. They have demonstrated that Anvirzel™ reduced the potentiality of HIV 

to infect new cells without any alteration in the total number of virus particles. Oleanderin, a 

cardiac glycoside isolated from the Nerium leaves, down-regulated HIV coat protein g120 

expression, which is the primary mediator of HIV infection. As low as 10 μg/ml concentration 

of Anvirzel™ was potent enough to inhibit the HIV infectivity. However, recently, Avci, et 

al., (2014) reported that the aqueous extract prepared from the leaves had no inhibitory effect 

on the Blue Tongue Virus under in vitro evaluation. 

2.3.7. Anti-hyperlipidemic activity 
Gayathri, et al., (2011b) studied the hypolipidemic activity of ethanolic extract of N. oleander 

flower on mice model which were kept on high fat diet. This resulted in the increase of 

cardiac lipids, lipoproteins and total body weight. Due to parallel feeding of the plant extract 

to the animals, the lipid, lipoprotein and body weight gain was significantly lowered in 

addition, it elevated the plasma and cardiac HDL levels. Besides, oral feeding of the extract 

also up-regulated the lipolytic enzymes in the experimental animals.  

2.3.8. Cardiotonic efficiency 
Adome, et al., (2003) have demonstrated the cardio-stimulatory effect of a crude ethanolic 

extract of N. oleander leaves on pig cardiac model. The effect of the extract was evaluated on 

three parameters namely, force of myocardial contraction, heart-beat rate and cardiac blood 

flow. The results displayed that under the influence of 100 mg/ml extract, the heart beat rate 

was elevated from 28 beats/min to 41 beats/min, blood flow volume increased from 0.4 

ml/min to 1.9 ml/min and amplitude of myocardial contraction increased from 22 mm to 49 

mm. The results of the leaf extract were much higher than that of the reference compound 

acetylcholine and adrenalin. 
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2.3.9. Effect on myocardial oxidative stress 
Gayathri, et al., (2011a) studied the effect of a hydro-alcoholic extract of Nerium flower on 

isoproterenol-induced myocardial oxidative stress on rat model. Isoproterenol is a non-

selective β-adrenergic agonist which is routinely used to generate myocardial infraction and 

hypertrophy in animal models. Pre-treatment of the extract inhibited isoproterenol induced 

elevation of LDH, GGT, AST, ALT, ALP and creatinine kinase in plasma. The flower extract 

maintained the levels of anti-oxidant enzymes such as SOD, GPX and GSH which contributed 

to the inhibition of lipid peroxidation in the experimental animals. The results were further 

supported by histopathological studies. 

2.3.10. Neuroprotective activity 
Dunn and his group (2011) investigated the neuroprotective activity of oleanderin and PB-

05204 (a CO2 assisted extract of oleander leaves) through ischemic injury model by studying 

oxidative damage and glucose deprivation in rats. Results suggested that when treated with 23 

µg/mL PBI-05204 (approximately containing 1 µM oleandrin), the yellow fluorescent protein 

tagged coronal brain slices had more protection from oxygen and glucose deprivation. At 69 

µg/mL PBI-05204, the extent of protection was same as 23 µg/mL PBI-05204, whereas 10 

fold increase in PBI-05204 concentration (230 µg/mL) decreased the extent of 

neuroprotection. PBI-05204 also increased levels of α1 and α2 subunits of Na+/K+-ATPase in 

the rat brain slices. 

2.3.11. Anti-malarial activity 
The larvicidal activity of the ethanol and acetone extracts was investigated by Sharma, et al., 

(2005) who demonstrated the effect of these extracts on the 3rd instar larvae of two malaria 

causing vectors Anopheles stephensi and Culex quinquefasciatus. After 24 and 48 h, the 

ethanolic extract was proved to be less potent than the acetone extract against C. 

quinquefasciatus and vice versa against A. stephensi. LC50 value of the methanolic extract on 

A. stephensi was 185.99 ppm at 24 h and 184.05 ppm at 48 h, whereas on C. quinquefasciatus 

was 494.07 ppm at 24 h and 194.49 ppm at 48 h. In case of acetone extract, the LD50 value 

was 229.28 ppm at 24 h and 149.43 ppm at 48 h for A. stephensi and 209.00 ppm at 24 h and 

155.97 ppm at 48h for C. quinquefasciatus. 
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2.3.12. Hepatoprotective activity 
The methanolic flower extract of N. indicum was tested for its efficiency in CCl4 mediated 

hepatotoxic model (Singhal & Gupta, 2012). The results demonstrated that the flower extract 

ameliorated the injured liver by decreasing the levels of AST, ALT, ALP, bilirubin and MDA 

levels in the serum of the experimental animals. The level of superoxide dismutase, which 

gives protection against free radical mediated damage to the liver, was also elevated. 

Histopathological studies demonstrated that the extract treated livers possessed less signs of 

inflammation and necrotic tissue as well as the normal liver architecture was restored with 

increased dose of the flower extract. However, no report exist on a systematic evaluation of 

hepatoprotective potentiality of any major parts of the plant i.e. leaf, stem and root. 

2.3.13. Anti-hyperglycaemic activity 
N. indicum is used for its hyperglycaemic activity in traditional medicine in different parts of 

the world. Sikarwar, et al., (2009) in an preliminary study reported anti-diabetic activity of 

various solvent extracts of N. indicum leaf in alloxan induced diabetic model in rats. After one 

week of treatment the blood glucose levels were 113.33±6.66, 169.33±9.73 mg/ds 

respectively for chloroform and ethanol extract compared to control (413.50±4.75 mg/dl). N. 

indicum extracts also prevented body weight increase in diabetic animals. Mwafy and Yassin 

(2011) further studied the anti-diabetic activity of the aqueous extract of the leaves on 

streptozotocin-induced diabetes model in rats. The results displayed that at the peak of 4th 

week, the serum glucose level in extract treated group was 238.5±10.3 mg/dl and serum 

insulin level was 1.10±0.07 mg/dl corresponding to 128% and -18.5% change, respectively. 

On the contrary, linear correlation analysis between the serum glucose and insulin levels did 

not resulted in close correlation and they yielded a weak correlation coefficient (r) of -0.3. In 

the extract treated group, the levels of AST, ALT and ALP in the serum were 96.3±4.7 U/l, 

44.4±1.7 U/l and 63.4±2.9 U/l, respectively representing 93.2%, 13.3% and 63.4% change 

respectively, for the three liver enzymes. 

2.3.14. Analgesic activity 
The analgesic activity of N. indicum flower, root, stem and leave methanolic extract was 

studied by Ahmed and his team (2006) on acetic acid induced writhing model in rats. At 

optimum concentration, the extent of writhing were 6.80%, 72.11%, 4.08% and 0.0% 

respectively for flower, root, stem and leaf extracts, when writhing in the control was 

considered as 100%. The percentage of inhibition in writhing were 93.20%, 27.89%, 95.92% 
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and 100%, respectively. Positive control, aminopyrine resulted in 63.27% inhibition in 

writhing at 50 mg/kg dose. 

2.3.15. Antiulcer activity 
Patel, et al., (2010) demonstrated the anti-ulcer activity of N. indicum leaf methanolic extract 

by studying pylorus ligation and indomethacin induced ulcer in vivo. Under indomethacin 

induced ulcer, the leaf extract at 250 and 500 mg/kg dose resulted in 65.97% and 69.63% 

protection respectively, with an ulcer index of 5.41±0.20 and 4.83±0.49, respectively based 

on six parallel experiments. Furthermore, in pylorus ligation induced ulcer in rats, 250 and 

500 mg/kg dose resulted in ulcer index of 5.66±0.52 and 4.58±0.86, respectively which was 

much lower than that of the control (14.08±0.67). Compared to the control (102.43±0.22 

meq/1/100 g), the gastric acidity was much lower (63.15±0.29 meq/l/100 g) in the 500 mg/kg 

dose group with reduced gastric volume. 

2.3.16. Immunological effects 
In spite of diverse medicinal and pharmacological activities of N. indicum, very few work has 

been performed to study the immunological effect of the plant and its components. Muller, et 

al., (1991) demonstrated that a crude polysaccharide fraction of the leaves possess mild 

mitogenic activity and stimulated macrophage-mediated cytotoxicity. Manna, et al., (2000) 

demonstrated that a polyphenolic cardiac glycoside oleandrin, derived from the leaves of N. 

oleander, inhibited TNF-α induced NF-κβ activation in time and concentration dependent 

manner. Oleandrin also had inhibitory effect on activator protein-1 induced TNF-α level as 

well as TNF-α induced activation of C-Jun NH2-terminal kinase. Furthermore, Sreenivasan, 

et al., (2003) demonstrated that oleandrin supresses NF-κβ activation in human epithelial and 

lymphoid cells and in insect and murine macrophage cells in vitro.  

2.3.17. Anti-inflammatory activity 
Even though N. indicum is used in the treatment of inflammatory diseases in 

ethnopharmacology, but very limited study has yet been performed. Erdemoglu, et al., (2003) 

studied the anti-inflammatory activity of 500 mg/kg dose of ethanolic and aqueous extracts of 

the plant on carrageenan induced paw edema model. The measurement of paw thickness were 

performed at an interval of 90, 180, 270 and 360 min. Among all the fractions, ethanolic 

extract of the dried leaves resulted in the least amount of inflammatory reaction (37.2±4.9 × 

10-2 mm thickness at 90 min). 
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2.3.18. Anti-mitotic activity 
Tarkowska (1971) studied the anti-mitotic activity of a complex mixture of glycosides derived 

from N. oleander root tips on Allium cepa and endosperm of Haemanthus katherinae. The 

root tips were submerged in the solution of oleander glycosides for 6 to 48 h and the results 

were observed by microscopic technique. Chromosomes of A. cepa was shortened and 

scattered throughout as visualized by aceto-orcein staining. However, the kinetochore 

remained integrated. In case of H. katherinae, the continuous microtubules were disoriented 

and were irregularly arranged. Restitution nuclei of varying sizes developed due to 

partitioning of chromosome and chromatids into uneven groups. Hindrance in the 

phragmoplast development was also noticed leading to multi-terminal phragmoplasts and 

abnormal cell plates. 

2.3.19. Anti-cancer activity 
In ethnopharmacology, the extracts of N. indicum is claimed to possess anti-cancer and anti-

tumor activities. Even in pharmacology, the oleander extracts and isolated compounds are 

mostly studied for anti-cancer properties. Smith, et al., (2001) demonstrated that oleandrin 

and oleandrigenin, two bioactive constituent from oleander leaf, inhibited fibroblast growth 

factor in human prostate cancer cell line DU145 and PC3. Anti-tumor activity of Oleandrin, 

isolated from the leaves were demonstrated by Afaq, et al., (2004), who revealed that external 

application of oleandrin on mouse skin inhibited 12-O-Tetradecanoylphorbol-13-acetate 

induced NF-κβ and Ikβα expression. Newman, et al., (2005) and his group demonstrated that 

Oleandrin exposure to BRO human myeloma cells resulted in generation of superoxide 

radical mediated mitochondrial injury and loss of antioxidative enzymes which ultimately 

cause loss of cell viability of BRO cells. Ghoneum, et.al., (2006) studied the effect of an 

extract of the leaves, NOE-4, on the susceptibility of Raji cells (human Burkitt's lymphoma) 

to the natural killer cell mediated cytotoxicity. After 24 h of incubation, the control Raji cells 

were found to be unaffected by human mononuclear cell (MNCs) mediated cytotoxicity, 

whereas NOE-4 treated Raji cells were heavily affected in a dose dependent manner. In 

addition to the increased conjugate formation between Raji cells and MNC or NK-cells, the 

researchers also found decrease in the expression of Bcl-2 molecules, which gave a clue that 

NOE-4 perhaps, may be used to treat immune resistant cancers. Anti-leukemic effects of 

various extracts of the plant was studied on HL60 and K562 cell lines by Turan, et al., (2006) 

which showed that the cytotoxic index on K562 cells were 66.22%, 57.82%, 58.10% and on 

HL60 cells were 69.33%, 66.50%, 62.81% for leaf, stem and root extracts, respectively. The 

levels of P-glycoprotein (ATP-binding cassette transporter) was also found to be affected by 
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the extracts, resulting in toxicity to the  K562 cells. Newman, et al., (2007) again tested the 

efficacy of a major glycoside oleandrin on human pancreatic tumor cells PANC-1. Oleandrin 

not only paused the cell proliferation of PANC-1 cells but also caused cell arrest at G(2)/M 

stage of cell cycle. The results indicate that oleandrin stimulated death of PANC-1 cells were 

not mediated by autophagy processes, rather it was governed by apoptotic pathway. Fiebig 

and his group (2013) studied anti-cancer effect of Breastin, a phytococtail comprising of 

glycosides, flavonoides and polysaccharides from oleander, against 63 human tumor cell 

lines. The mean IC50 was calculated to be 1.1 μg/ml with much higher anti-cancer potential 

compared than Cisplatin, 5-Fluoruracil and Cyclophosphamide. Breastin also demonstrated 

elevated tubuline binding capacity when co-examined with Paclitaxel, and Docetaxel.  

2.3.20. Chemotherapy supplementation 
Apostolou and Toloudi (2013) have recently shown that Cisplatin supplemented with 

Anvirzel™ holds enhanced potentiality to breast (MDA-MB 231, T47D, and MCF-7), colon 

(HCT-116, HT55 and HCT-15), lung (CALU-1, COLO699N and COR-L 105), prostate (PC3, 

LNCaP and 22Rv1), melanoma (A375) and pancreatic (PANC-1) cancer models in vitro. 

Cisplatin is a chemotherapeutic drug which is derived from platinum. Cancer cells were 

incubated with 0.1-100 μg/ml Cisplatin supplemented with 0.01-10 ng/ml for Anvirzel™ for 3 

consecutive days. Highest toxicity against most of the cell lines were seen in case of co-

chemotherapy using 0.1 μg/ml Cisplatin with 0.01 ng/ml Anvirzel™, whereas 1 μg/ml 

Cisplatin with 0.01 ng/ml Anvirzel™ displayed high efficiency against PC3 and MDA-

MB231 cells. 

2.3.21. Auditory supplementation 
Extracts of N. indicum is traditionally used to treat ear pain in Kancheepuram district of Tamil 

Nadu, India (Muthu, et al., 2006). Emanuele, et al., (2007) described that oleandrin could be 

useful for sensorinerual hearing loss on gentamicin induced toxicity through inhibition of the 

activator protein-1 and C-Jun-terminal Kinase.  

2.3.22. Radiotherapy supplementation 
Nasu, et al., (2002) studied the effect of oleandrin as a supplement to radiotherapy on PC3 

(human prostate carcinoma ) cell line. PC-3 cells were cultured with 0.05 µg/ml of oleandrin 

and after 24 h, the cells were irradiated with gradual increasing dose of γ-rays and then 

studied for colony forming capacity. The test group (oleandrin treated) reduced the colony 
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forming efficiency from 95% to 21% of the PC-3 cells. Furthermore, the extent of 

radiosensitivity depended on time for which cells were incubated with oleandrin. Survival rate 

of cells with 0.05 µg/ml oleandrin exposure prior to radiation was 30% which was lower than 

the control group (50%). PC-3 cells were found to be more prone to apoptosis when treated 

with oleandrin prior to radiation compared to individual treatment with oleandrin and 

radiation. 

2.3.23. Mutagenicity 
El-Shazly, et al., (2000) investigated ethanolic extracts of the leaves containing cardiac 

glycoside neriifolin for possible mutagenic activity through HPRT (hypoxanthine 

phosphoribos yl transferase) method. Antichrysen-1, 2401-3, 4-oxide (ACDO) was used as 

positive mutagenic control. The mutation frequencies were 2.42/106 cells and  3.07/106 cells 

for 50 ppm and 25 ppm respectively, which were much lower than ACOD, which itself 

resulted in very high frequency of mutation (1111.83 per 106 cells).  

2.3.24. Anti-angiogenesis activity 
Hu, et al., (2009) isolated , three galactooligosaccharides (OJ1–OJ3) from the N. indicum 

leaves by acid hydrolysis method and tested their effect on the HMEC-1 (human 

microvascular endothelial cell) cells using the tube formation assay. After 16 h incubation, 

control HMEC-1 cells formed distinct tube-like structures. However, tube formation was 

disrupted for OJ2 and OJ3 at 100 μM concentration, whereas OJ1 displayed no anti-

angiogenesis activity. The authors hypothesised that though all the three polysaccharides 

possessed backbone of a (1→4)-linked linear galactan chain, but their activity differed due to 

the difference in their sizes. 

2.3.25. AnvirzelTM  
A Turkish surgeon named Dr. Huseyin Ziya Ozel prepared a phytochemical extract called 

AnvirzelTM from the leaves of N. oleander, which was demonstrated to possess anticancer 

effects against different cancer cell lines. Dr. Ozel in 1973, successfully treated some 

critically ill cancer patients with the extract which did not resulted in any side effects 

associated with chemotherapy such as hair loss or decrease in blood leucocyte count (Ozel, 

1973). In the following years further working with the extract, Ozel discovered anti-cancer 

efficiency of the plant (Ozel, 1974). In 1987, the extract was tested by Sandoz pharmaceutical 

company (now Novartis) and confirmed that the extracts possess immunomodulatory activity 
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(Sandoz Labs, 1987). In 1988, a research team from Munich University Pharmacology 

Institute collaborating with Dr. Ozel isolated some bioactive polysaccharides which were 

responsible for the tremendous immunomodulatory activity (Carbik, et al., 1990; Ozel, et al., 

1990a). In 1992, the European patent office granted U.S. patent to Dr. Ozel and in 1995, a 

U.S. pharmaceutical company (formerly known as Pharmaceutical Ventures Trust) registered 

the extract under the trademark AnvirzelTM and conducted phase I trials at the Cleveland 

Clinic, Ohio (Mekhail, et al., 2011). Today all over the world, various medicinal and 

pharmaceutical tests are being performed with this extract, which are revealing more of its 

therapeutic potentialities. 

2.3.26. Phytochemical analysis 
As a routine phytochemical procedure, different bioactive components were isolated from 

different parts of the plant. Studies on fatty acid composition was by Kalita and Saikia (2004) 

performed which revealed the presence of lauric acid (69 g/kg), myristic acid (71 g/kg), 

palmetic acid (151 g/kg), stearic acid (35 g/kg), oleic acid (127 g/kg), linoleic acid (426 g/kg) 

and arachidic acid (121 g/kg). Among different bioactive constituents of the plant, two 

glycosides, nerrin and oleandrin were isolated, which possess cardiostimulatory activities 

(Jayabalan, et al., 1995). The plant is rich in α-tocopherol which possess potent antioxidant 

and free radical scavenging activities (Hussain & Gorsi, 2004). Different glucosides such as 

oleandrine, odorosides, adigoside were identified in the seeds and the bark contains 

glucosidesrosaginoside, nerioside and corteneroside (Zibbu & Batra, 2010). Various pectic 

polysaccharides primarily composed of galacturonic acid besides rhamnose, arabinose and 

galactose were identified in a aqueous extract of Nerium leaves (Muller, et al., 1991). Many 

such polysaccharides were demonstrated to possess bioactive properties (Hu, et al., 2009; 

Carbik, et al., 1990). The structural characterization of pectic polysaccharides (L-rhamnose, 

L-arabinose, D-galactose, and D-galacturonic acid) from N. indicum flower hot-water extract 

was done by Dong, et al., (2010) and various terpinoids from the plant has also been 

characterized by different groups of researchers (Begum, et al., 1997; Siddiqui, et al., 2009). 

Bai, et al., (2007) identified different pregnanes from the leaves among which neridienone A 

was proved to possess anti-inflammatory activities as well as inhibitory effect on 

hepatocarcinoma cells. Siddiqui, et al., (1986, 1987) isolated two coumaryloxy triterpenoids 

(neriucoumaric and isoneriucoumaric acid) and two cardiac glycosides (kaneroside and 

neriumoside) from the leaves. Sharma, et al., (2010) identified 4-oxooctyl-2-

hydroxyundecanoate and heptacosane-3-enyl-5-hydroxy-hexanoate from the stem. Fu et al., 
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(2005) isolated seven compounds and methyl esters of urosolic acid and oleanoic acid, which 

demonstrated anti-inflammatory activities by inhibiting intracellular adhesion molecule-1. 

Among different compounds identified and isolated from different parts of the plant, 

extensive study on the bioactivity was performed only using oleandrin. Besides, in spite of 

isolation and characterization of different phytocompounds, the overall phytochemical profile 

of N. indicum remained obscure. 

2.3.27.Nerium toxicity 
In spite of possessing tremendous medicinal properties and being used in traditional medicine 

for different ailments, the oleander has been considered to be poisonous due to the presence of 

glycosides like oleandrin, adynerin, digitoxigenin and folineriin (Bandara, et al., 2010). 

However, the amount of cardiac glycosides present in red flowered plants are higher than that 

of the white flowered plants (Karawya, et al., 1973) and thereby making the white flowered 

oleander less toxic. Some reports also highlighted the lethal nature of the plant (Blum, et al., 

1987; Haynes, et al., 1985; Khan, et al., 2010; Adam, et al., 2002). However, Shaw and Pearn 

(1979) reported that, ‘the rate of clinical poisoning due to oleander is inconsequential, and 

mortality is negligible’. Besides, according to the Toxic Exposure Surveillance System 

(TESS) report of 2002, out of 874 cases of high level exposure to the plant, only 3 cases 

turned to be lethal (Watson et al., 2003).  

However, according to the words of Paracelsus, the father of natural toxicology that, “dose 

makes the poison”, higher dose of any compound could prove to be lethal. Interestingly, at 

present, even snake (Pal, et al., 2002; Vyas, et al., 2013) and bee (Lee, et al., 2005; 

Wesselius, et al., 2005) venoms are being investigated for their medicinal properties. 

Therefore, utmost importance must be given to explore the medicinal and pharmacological 

properties of N. indicum, which is till date used in ethnomedicine and holds immense 

potential as therapeutic agent.  

2.4. Current research and future prospects 
N. indicum is well known in ethnopharmacological domain and used as traditional medicine 

around the globe. Till date numerous patents has been filed based on its medicinal properties. 

Ozel (1990b) patented an extract of Nerium which was claimed to ameliorating cell-

proliferative disease. Selvaraj, et al., (1999) patented an extract of the plant which was 

efficient in the treatment of cell-proliferative and immune deficient diseases such as cancers 
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and AIDS. Singh (2003) filed a patent on anti-proliferative activities of nanoparticle 

compositions containing different glycosides, including oleandrin, claiming the novel 

formulation to reduce cancer progression and metastasis . Another patent was filled by Singh 

and Streeper (2004) demonstrating novel water soluble formulations containing some 

bioactive constituents of Nerium (ex. neriifolin, oleandrin) to possess anti-cancer properties. 

Addington (2006) patented a method of oleander leaves processing, which contains high 

amount of oleandrin, an anti-cancer agent from Nerium. Panosyan and Al-Mukarish (2002) 

patented a novel extract from the leaves which has the potentiality to induce IFN-γ activity. 

Streeper and Singh (2005) patented pharmaceutical compositions containing different 

glycosides such as oleandrin, neriifolin etc from N. oleander from the treatment of diverse 

skin diseases in humans and animals. A patent on CO2 assisted supercritical extraction 

method to isolate bioactive constituents from N. oleander was filled by Addington (2005). 

Rashan, et al., (2006) filed a patent on a method of cold extraction of N. oleander 

phytococtail and its utility against vast array of cancers. Ghoneum and Ozel (2011) patented a 

therapeutic composition of Nerium coupled with glutathione, which is effective against cell-

proliferative diseases, infections, and dementias.  

Different clinical trials are been conducted on the therapeutic efficiencies of oleander. M.D. 

Anderson Cancer Center in collaboration with National Cancer Institute (USA) and Nerium 

Biotechnology is recruiting patients (since June 2014) for phase I clinical trial (No. 

NCT01562301) to determine the optimum tolerable dose of Anvirzel which could be given to 

advance non-small cell lung cancre patients as supplement to carboplatin and docetaxel 

medications (ClinicalTrials.gov, 2012). The trail also aims to understand the possible anti-

inflammatory and immunomodulatory activity of Anvirzel supplementation to the lung cancer 

patients. In another clinical trial (No. NCT01920841), Pennington Biomedical Research 

Center in association with Nerium Biotechnology is evaluating (since August 2013) two 

creams containing phytococtail from different plants including N. oleander to stimulate the 

lipolytic process by stimulating β- adrenergic receptor, which would eventually lead to size 

reduction in thigh and smooth appearance of the skin (ClinicalTrials.gov, 2014a). Previously 

(2007-13) M.D. Anderson Cancer Center successfully conducted phase I clinical trial (No. 

NCT02329717) on an extract of the leaves of N. oleander (known as PBI-05204 and or 

Xenavex™) to determine its maximum tolerated dose on patients with advanced solid tumors. 

Very recently (December 2014) Phoenix Biotechnology, Inc has started Phase 2 clinical trial 

(No.: NCT02329717) to evaluate the effect of PBI-05204 on Stage IV metastatic pancreatic 

cancer patients (ClinicalTrials.gov, 2014b). Xenavex, an ethanolic extract from the oleander 
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leaves prepared by Shimoda Atlantic Oncology Biosciences was announced in 2005 to 

undergo phase I and II clinical trials as lung cancer treatment. However, the trials were not yet 

performed (American cancer society, 2008).  

Plant derived medicines could provide a unique opportunity to bioprospect diverse chemical 

species which would function synergistically on multiple target resulting in a holistic 

therapeutic approach which would improve the therapeutic efficiency of the drugs. In the 

global scenario, the shift of the pharmaceutical research towards herbal remedies from 

modern medicine is very much apparent. In case of plant like N. indicum, mechanism based 

screening of bioactivities focusing on their ethnopharmacological use is of utmost importance. 

Various issues, which are only applicable to herbal medicine must be considered for proper 

evaluation of these products (Kunle, et al., 2012). Different issues such as:  

• Herbal drugs are phytococtails which may contain multiple bioactive species. 

• The active constituents are mostly unknown. 

• Herbal constituents may be chemically and naturally variable as chemo-variants and 
chemo-cultivars may be present. 

• Appropriate analytical method may not be present. 

• Authentication of source and quality of raw material. 

• Assurance of quality, efficiency, safety and reproducibility. 

Unlike conventional drugs, the botanical drugs are not target specific and therefore, could be 

used to treat disease associated symptoms of infection and inflammation. Present 

immunomodulatory strategies have revealed that monovalent approach of isolated drug 

therapy is unlikely to provide a holistic treatment (Patwardhan & Gautam, 2005). It is very 

much expected to opt for a strategy which would consider the complex interplay between 

different biological pathways. Thus, the requirement of designer drugs based on synergistic 

approach of traditional medicine would be helpful. 
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3. Material and Methods 
3.1. Collection and authentication of plant material 
Fresh and disease free leaves, stems and roots of the white flowered N. indicum plant were 

collected from the garden of University of North Bengal (26.71°N, 88.35°S), West Bengal, 

India. 

The plant material was identified and authenticated by Prof. Abhaya Prasad Das, senior 

Taxonomist of Department of Botany, University of North Bengal. A voucher specimen was 

stored at the herbarium of Department of Botany, University of North Bengal with an 

Accession no. 09618. 

3.2. Preparation of extracts 
The plant materials were washed with double distilled water to remove any dirt. The stems 

and roots were chopped into ½ inch pieces. The plant materials were then shade dried at room 

temperature (RT) for 2 weeks. The dried parts were grinded to powder using a blender 

(Lords® Hummer 1100). The powder (100 g) was mixed with 1000 ml of 7:1 methanol: water 

(v/v) and kept at 37 °C in a shaking incubator (160 rpm) for 18 h. The mixture was then 

centrifuged at 5000 rpm for 15 min. The supernatants were filtered using a vacuum pump and 

stored separately. The remaining pellet was again mixed with 1000 ml of 7:1 methanol : water 

(v/v) and again kept in a shaking incubator (160 rpm) for 18 h. The supernatants were again 

filtered and mixed with the stored filtrate of the previous phase. The final filtrate was 

concentrated under reduced pressure in a rotary evaporator (Buchi Rotavapour®). The 

resultant was lyophilized (SJIA-10N) and stored at -20 °C until further use. The hydro-

methanolic extracts of N. indicum leaf, stem and root was designated as NILE, NISE and 

NIRE, respectively. 

3.3. Maintenance of animals 
All the animals were maintained under standard laboratory conditions in the animal house of 

Department of Zoology, University of North Bengal with food and water ad libitum under a 

constant 12-h photoperiod (temperature 25±2 °C). All the experiments were approved by the 

ethical committee of the University of North Bengal (No. 840/ac/04/CPCSEA) and performed 

in accordance with the legislation for the protection of animals used for scientific purposes. 
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Swiss albino mice of both sex of 6-8 weeks were used for all the studies. Blood for 

immunization purpose was collected from sheep by puncturing the jugular vein with a sterile 

syringe. The blood was diluted with equal volume of Alsever’s solution (114 mM dextrose, 

27 mM sodium citrate, 71 mM NaCl, pH 6.1) and stored at 4 °C as sheep RBC solution 

(sRBC) until further use. Blood was collected from a guinea pig by puncturing the heart using 

a sterile needle and allowed to clot at 4 °C for 30 min to separate the serum. The blood was 

then centrifuged at 1000 rpm for 5 min and the clear supernatant serum was collected. This 

pooled serum was used as guinea pig complement and stored at 0 °C to minimize the 

complement activity. All surgical procedures were performed following standard procedures 

according to Reeves and Reeves (2001). 

3.4. Acute toxicity study 
OECD guidelines (test 423: Acute oral toxicity – Acute toxic class method; 2002) were 

followed to study the acute toxicity of NILE, NISE and NIRE (OECDiLibrary, 2002). 

Animals were divided into different groups (n=6) and fasted overnight prior to the 

experiment. The plant extracts were administered orally in an increasing dose upto 2000 

mg/kg body weight (BW). Following the dose, all the groups were carefully observed for 

development of clinical or toxicological symptoms at 30 min and then 2, 4, 8, 24 and 48 h.  

No mortality was observed in the experimental animals at 2000 mg/kg dose. Therefore, 1/40th, 

1/20th and 1/10th of the maximum dose was considered for the in vivo studies . 

  

34 
 



3.5. Immunomodulatory activities  
The immunomodulatory activities of leaf, stem and root extracts of N. indicum were evaluated 

through both in vivo and in vitro experiments: 

3.5.1. In vivo experiments 
3.5.1.1. Plaque forming cell (PFC) assay 
Previously described methods (Raisuddin, et al., 1991; Bondada & Robertson, 2003) were 

followed with slight modifications to perform the PFC assay. Briefly, Swiss albino mice were 

divided into 10 groups (n=6). Group I (control) received normal saline; group II, V and VIII 

received NILE, NISE and NIRE at 50 mg/kg BW respectively; group III, VI and IX received 

NILE, NISE and NIRE at 100 mg/kg BW respectively; and group IV, VII and X received 

NILE, NISE and NIRE extract at 200 mg/kg BW respectively, for 10 consecutive days. On 

day 7, mice were immunized with 0.1 ml of 25% sRBC intravenously through tail vein. On 

day 4 after immunization with sRBC i.e. 24 h after the last treatment with the extracts, whole 

blood was collected from the tail vein initially. Mice were sacrificed under proper anesthesia 

and blood was collected from the heart and used for HA titre assay. Single cell suspension (2 

× 106 cells/ml) of the spleen was prepared in phosphate buffer saline (PBS). Guinea pig 

complement (50 µl) and 50 µl of 25% sRBC (prepared in PBS) were mixed with 100 µl of the 

cell suspension. The mixture was then charged into the Cuningham chambers, prepared using 

glass slide and double gum tape. The chambers were then sealed with sealing material 

prepared by mixing paraffin and petroleum jelly at 1:1 ratio and incubated at 37 °C for 3-4 h. 

After incubation, the plaques were counted under a binocular microscope and expressed as 

PFC/106 spleen cells. 

3.5.1.2. Estimation of total IgM 
Blood samples from immunized mice of the PFC assay were kept at room temperature for 30 

min for separation of serum. The whole blood was then centrifuged at 1000 rpm for 5 min and 

the straw coloured supernatant serum was collected in fresh vials. The serum was diluted 

10,000 fold and then used to estimate the total IgM level using commercially available kit 

(MyBiosource, USA) according to manufactures instruction. The final quantity was 

multiplied by the dilution factor. 

3.5.1.3. Hemagglutination (HA) titre assay 
HA titre assay was performed according to a standard method (Karthikumar, et al., 2011) with 

slight modifications. The serum samples collected from the mice of the PFC assay were kept 

at 56 oC for 45 min in a water bath to inactivate the complement activity. Eight clear Khan 

tubes were taken and double fold diluted serum was added. In the first tube, 0.1 ml serum and 
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0.9 ml PBS were added. After thorough mixing, 0.5 ml of the mixture was taken to the 

subsequent tubes. This way, serial dilutions were prepared in the ratio of 1/10, 1/20, 1/40, 

1/80, 1/160, 1/320, 1/640, and 1/1280. Hundred microliters of 10% sRBC (prepared in PBS) 

was added to each tube and mixed thoroughly. The tubes were incubated at 37 oC for 12 h in a 

humidified atmosphere. After incubation, visible hemagglutination was observed under the 

binocular microscope. The highest dilution which gave rise the visible hemagglutination was 

considered as the optimum concentration of the antibody and the antigen. 

3.5.1.4. Counting of peritoneal macrophages 
Different sets of mice were fed orally with NILE, NISE and NIRE for 14 days as described in 

the PFC assay. A separate group was used as control, which was not treated with any extracts. 

Twenty four to 36 h prior to the experiment, 0.5 ml of Freund’s incomplete adjuvant was 

injected (Chakraborty & Chakravarty, 1984) in the peritoneum. RPMI-1640 (2 ml) was 

injected intraperitoneally just prior to the experiment. Under proper anesthesia, a midline 

incision was made in the abdomen and the peritoneum was carefully washed with RPMI-

1640. The peritoneal exudate cells were collected and centrifuged at 1000 rpm at 4 °C, for 5 

min (Fortier & Falk, 2001). The pellets were resuspended in RPMI-1640 and incubated for 45 

min at 37 °C in petri dish. After incubation, the supernatants were removed and the petri 

dishes were washed with chilled PBS and centrifuged at 1000 rpm for 5 min. The pellets were 

resuspended in PBS and the solutions were mixed with equal volume of neutral red and 

charged on the hemocytometer to count macrophages under a phase contrast microscope. 

3.5.1.5. Stimulation of phagocytic activity of macrophages 
The assay was performed according to a standard method (Fujiki and Yano, 1997) with little 

modifications. Murine peritoneal macrophages were collected as previously described and 0.1 

ml cell suspensions from each group were mixed with 0.1 ml RPMI-1640 medium containing 

20% FBS and 100 × 106 cells/ml heat-treated (inactivated) yeast cells. The mixtures were 

incubated at 37 oC for 1 h with occasional shaking. After incubation, 50 μl of the mixtures 

were smeared on the glass slide, air dried and stained with Wright-Giemsa stain. The slides 

were observed under light microscope using oil immersion and around the cells were counted. 

The phagocytic activity was expressed as phagocytic capacity (PC) and phagocytic index (PI) 

was calculated using the following formula: PI = A × B, where, A is the percentage of yeast-

ingesting phagocytes and B is the number of yeast-ingested per phagocytes. PC is the mean 

percentage of cells that engulfed ≥4 yeast cells. 
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3.5.1.6. Carbon Clearance test  
The test was performed according to a standard method (Gonda, et al., 1990) with minor 

modifications. Different doses (50 and 200 mg/kg) of NILE, NISE and NIRE were 

administered orally for 14 days to Swiss albino mouse and a control group received water as 

previously described. On 16th day (48 h after the last dose), 0.1 ml of Indian ink was injected 

in tail vein and then, 25 μl blood samples were drawn from the orbital vein at 0, 5, 10 and 15 

min after injection and mixed with 2 ml of 0.1% Na2CO3. The absorbance was read at 650 nm 

to estimate the extent of carbon clearance or in other words the rate of the elimination of 

carbon from the blood. 

3.5.2. In vitro experiments 
3.5.2.1. Cell adhesion assay 
The assay was performed according to the previously described method (Lin, et al., 1995) 

with some modifications. Briefly, 0.5 ml of Freund’s incomplete adjuvant was injected 

intraperitoneally to untreated (not fed with extracts) mouse and the peritoneal exudate 

macrophages were collected as previously described. The cells were centrifuged at 1000 rpm 

at 4 °C, for 5 min. The supernatant was discarded and the pellet was resuspended in RPMI-

1640. The number of cell was adjusted to 2 × 106 cells/ml. The cells were then seeded in 96 

well plate with different concentrations (0-100 µg/ml) of NILE, NISE and NIRE for 60 min. 

After incubation, the wells were gently washed with RPMI and then 100 μl of 0.5% crystal 

violet (dissolved in 12% neutral formaldehyde) and 10% ethanol were added to each well and 

incubated for 4 h at 37 oC under humidified condition. After incubation, the wells were 

washed with RPMI-1640 and air dried for 30 min. To each well 100 µl of 1% SDS (dissolved 

in RPMI-1640) was added and the absorbance was measured at 570 nm. The increase in 

adherence property was measured using the following formula: % increase of adherence = 

[(Ao- A1) ÷ Ao] × 100, where Ao was the absorbance of the control and A1 was the absorbance 

in the presence of the plant extracts. 

3.5.2.2. Respiratory burst activity 
The assay was performed in accordance with a previously standardized protocol with some 

modifications (Cook, et al., 2001). Murine peritoneal exudate macrophages were collected  in 

RPMI-1640 as previously described and seeded into 96 well plate which was pre-coated with 

0.2% poly-L-lysine along with various concentrations (0-100 μg/ml) of N. indicum extracts. 

To this, 0.1% zymosan (in 100 μl RPMI-1640) was added and the plate was incubated for 30 

min at 37 °C under humidified condition. The zymosan was discarded and cells were washed 

thrice with RPMI-1640 followed by staining with 100 μl NBT (0.3%) at RT. After 30 min, 

NBT solution was discarded and the reaction was stopped by addition of 100 μl absolute 
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methanol. The formazan which was generated, was dissolved in 120 μl of 2M KOH and 140 

μl of DMSO. Absorbance was immediately read at 630 nm. Dose-dependent increase of OD 

demonstrates increase in respiratory burst activity. 

3.5.2.3. Myeloperoxidase release assay 
The assay was performed according to Sengupta, et al., (2011) with minor modifications. 

Murine peritoneal macrophages (2 × 106 cells/ml) were seeded into 96 well culture plates with 

100 ng/ml LPS. To this, varying concentrations (0-100 μg/ml) of N. indicum extracts were 

added and the cells were incubated at 37 °C under humidified condition for 60 min. After 

incubation, the solutions from each well were centrifuged for 13,000 rpm for 10 min and the 

supernatants were removed. To the cell-pellet, 0.01% SDS in RPMI-1640 was added to lyse 

the cells. The solutions were centrifuged at 13,000 rpm for 10 min and supernatant was 

collected. Supernatants (100 μl) from each group were mixed with 100 μl substrate buffer 

(orthophenylenediamine) and kept at 37 °C. After 20 min, the reaction was stopped using 100 

μl of 2N H2SO4. Absorbance was read at 492 nm. 

3.5.2.4. Inhibition of LPS induced nitric oxide production 
Standard Griess reagent method (Hibbs, et al., 1988) was followed with some modifications 

to estimate the change in NO level. Peritoneal macrophage cells were collected as previously 

described. Cell suspension (2 × 106 cells/ml) was prepared in RPMI-1640 (containing 50 

U/ml penicillin, 50 U/ml streptomycin and 50 U/ml nystatin) supplemented with 10% FBS 

and 200 µl of the cell suspension was added with 100 µl of different concentrations (0-80 

µg/ml) of NILE, NISE and NIRE (dissolved in RPMI-1640) to each well of 96-well plate. To 

each well 20 µg/ml of LPS suspension was added, plates were covered and incubated for 24 

hours under 5% CO2 and humidified atmosphere of 90% air at 37 °C temperature. After 

incubation, the solutions from each well were centrifuged at 5000 rpm for 5 min. The 

supernatants were used to determine the NO level.  

Briefly, 50 µL of the supernatants were mixed with 200 µL of Griess reagent (1% 

sulfanilamide and 0.1% N-(1-naphthyl) ethylenediamine hydrochloride in 2.5% H3PO4) in 

each well of 96-well plate. The solution was incubated for 20 min at room temperature and 

the generated purple azo-dye was detected at 540 nm. The percentage inhibition of NO 

generated was calculated using the following formula: % of inhibition= [(A0 - A1) ÷ A0] × 

100, where A0 was the absorbance of the control and A1 was the absorbance in the presence of 

the sample. 
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3.6. Anti-inflammatory activities 
The anti-inflammatory activity of N. indicum extracts were evaluated by the following 

methods: 

3.6.1. Culture of splenocytes 
Spleen was removed aseptically from an untreated (not fed with extract) Swiss albino mice  

under proper anesthesia and splenocyte suspension was prepared in RPMI-1640 using tissue 

grinder. The splenocytes were washed thrice using RPMI-1640 (1000 rpm) for 10 min and 

then resuspended in 0.16 M NH4Cl (in 0.17 M Tris; pH 7.2) to lyse RBCs. After 5 min, ice 

cold RPMI-1640 was added to stop the reaction. The cells were again centrifuged (1000 rpm) 

and resuspended in RPMI-1640. Splenocytes were adjusted as 2 × 106 cells/ml with RPMI-

1640 (supplemented with 50 U/ml penicillin, 50 U/ml streptomycin, 50 U/ml nystatin and 

10% FBS) and seeded into six well culture plates. To this, Concanavalin A (Con A) was 

added to get a final concentration of 5 µg/ml and 100 µl of different concentrations of extracts 

(0-80 µg/ml) was then added to the wells. Control did not receive Con A and extracts. The 

plates were then covered and incubated under 5% CO2 and humidified atmosphere of 90% air 

at 37 °C temperature for 48 h. 

After incubation, the solutions from each well were centrifuged at 5000 pm for 10 min. The 

cell-free supernatants and the cell-pellets were used for the following assays. 

3.6.2. Measurement of NO inhibition 
The inhibition of NO was estimated from the cell-free culture supernatants the Griess reagent 

method (Hibbs, et al., 1988) as described previously (section 3.5.2.4). 

3.6.3. Estimation of cytokine expression 
The levels of the different pro-inflammatory (IL-2, IFN-γ, TNF-α) and anti-inflammatory (IL-

4, IL-10) cytokines were estimated from the cell-free culture supernatants using RayBio 

ELISA kits according to the manufacturer’s instructions. Absorbance was immediately 

measured using Bio-Rad iMark™ microplate absorbance reader. Standard was run in parallel 

to the sample. 

3.6.4. Measurement of PGE2 level 
PGE2 was measured by competitive binding between PGE2 and PGE2-acetylcholineesterase 

(PGE2-AChE) for restricted amount of PGE2 monoclonal antibody using PGE2 enzyme 

immuno assay kit obtained from Cayman Chemicals Company, USA, according to the 

manufacturer’s instructions. Absorbance was read using Bio-Rad iMark™ microplate 

absorbance reader. Standard curve of PGE2 was prepared in parallel to the samples. 
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3.6.5. Measurement of COX activities 
The cell pellets after 48 h lymphocyte culture, were homogenized in cold buffer consisting of 

0.1 M Tris-HCL in 1 mM EDTA (pH 7.8). The homogenate was centrifuged (10,000 × g for 

15 min) and the resultant supernatants were used for the assay. COX-1, COX-2 and total 

COX activities were measured using COX activity assay kit procured from Cayman 

Chemicals Company, USA.  

3.6.6. Delayed type hypersensitivity (DTH) test 
Mice were divided into seven groups (n=3) and treated for 20 days as following: Control 

group received normal saline; NILE low and NILE high group received NILE at 50 and 200 

mg/kg respectively; NISE low and NISE high groups received NISE at 50 and 200 mg/kg 

respectively and NIRE low and NIRE high groups received NIRE at 50 and 200 mg/kg 

respectively. On day 21 i.e. 24 h after the last treatment, all the, mouse were subcutaneously 

immunized with 3 mg ovalbumin in 100 μl normal saline emulsified with equal volume of 

Freund’s complete adjuvant. After 14 days of immunization, each mouse were challenged 

with 50 μg ovalbumin in 50 μl saline in left hind foot-pad. The right hind foot-pad was 

challenged with 50 μl normal saline. The circumference of the left and right foot-pad were 

measured using a vernier caliper 24 after the challenge. The degree of DTH reaction was 

expresses as percentage increase in paw edema. 

3.6. 7. Statistical analysis 
All data of the immunomodulatory and anti-inflammatory experiments are reported as the 

mean±SD of six measurements. The comparisons between the control group and the test 

group were performed by one-way analysis of variance (ANOVA) test using KyPlot version 

2.0 beta 15 (32 bit) for windows. p <0.05 was considered significant. Half-maximal inhibitory 

concentration (IC50) values were calculated using the formula Y = 100 × A1/(X + A1), where 

A1 = IC50; Y = response (Y = 100% when X = 0); X = inhibitory concentration. The linear 

correlation analysis was performed by Microsoft excel 2010. 
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3.7. Antioxidant and free radical scavenging 
activities 
NILE, NISE and NISE were evaluated for their antioxidant and free radical scavenging 

activities using the following methods: 

3.7.1. Trolox equivalent antioxidant capacity (TEAC) 
The method was based on the ability of the extracts to scavenge ABTS•+ radical cation which 

was compared to trolox (Re, et al., 1999). The ABTS•+ radical cation was pre-generated by 

mixing 7 mM ABTS stock solution with 2.45 mM potassium persulfate (final concentration) 

and incubated for 12-16 h in dark at RT until the reaction was completed and absorbance was 

stable. ABTS•+ was diluted with water at RT to equilibrated it’s absorbance to 0.70±0.02. 

Then various concentrations (0.05–10 mg/ml) of the sample (10 μl) was mixed with 1 ml 

ABTS•+ solution and the absorbance was measured at 734 nm after 6 min. The percentage 

inhibition of absorbance was calculated and plotted as a function of the concentration of 

standard and sample to determine the TEAC value. TEAC was calculated from dividing the 

gradient of the plot for the sample by the gradient of the plot for trolox. 

3.7.2. DPPH radical scavenging assay 
The DPPH scavenging assay was performed according to a standard method (Mahakunakorn, 

et al., 2004) with slight modifications. Varying concentrations (0-100 μg/ml) of the extracts 

and standard ascorbic acid were mixed with equal volume of ethanol. Then, 50 μl of DPPH 

solution (1 mM) was pipetted into the previous mixture and stirred thoroughly. The resulting 

solutions were incubated for 2 min before the absorbance was taken at 517 nm.  

3.7.3. Hydroxyl radical scavenging assay 
The assay was performed according to a standard method (Hazra, et al., 2008). Hydroxyl 

radical was generated by the Fe3+-ascorbate-EDTA-H2O2  system, commonly known as the 

Fenton reaction. At the final volume of 100 μl, the reaction mixture contained 2-deoxy-2-

ribose (2.8 mM); KH2PO4-KOH buffer (20 mM, pH 7.4); FeCl3 (100 μM); EDTA (100 μM); 

H2O2 (1.0 mM); ascorbic acid (100 μM) and various concentrations (0-200 μg/ml) of the plant 

extracts. The reaction mixtures were kept for incubation for 60 min at 37 °C and after 

incubation, 0.5 ml of the reaction mixture was mixed with 1 ml 2.8% TCA and 1 ml 1% 

aqueous TBA was added to it. The solutions were incubated at 90 °C for 15 min to develop 

the colour. The solution was cooled down and the absorbance was read at 532 nm against an 

appropriate blank solution. Mannitol which is a classical hydroxyl radical scavenger, was 

used as a positive control. 
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3.7.4. Superoxide radical scavenging assay 
The experiment was performed based on the reduction of NBT according to a previously 

reported method (Hazra, et al., 2008). The 100 μl reaction mixture contained phosphate buffer 

(20 mM, pH7.4), NADH (73 μM), NBT (50 μM), PMS (15 μM) and various concentrations 

(0-120 μg/ml) of sample solution. The reaction mixture was incubated at RT for 5 min and 

then absorbance was taken at 562 nm against a blank. Quercetin was used as standard.  

3.7.5. Nitric oxide radical scavenging assay 
Nitric oxide was generated at physiological pH from aqueous sodium nitroprusside (SNP) 

solution reacting with oxygen to produce nitrite ions, which was quantified according to the 

Griess Illosvoy reaction (Garratt, 1964). The reaction mixture contained 10 mM SNP, 

phosphate buffered saline (pH 7.4) and various doses (0-70 μg/ml) of the test solution in a 

final volume of 3 ml. After incubation for 150 min at 25 °C, 1 ml sulfanilamide (0.33% in 

20% glacial acetic acid) was added to 0.5 ml of the incubated solution and allowed to stand 

for 5 min. Then 100 μl of napthylethylen-ediamine dihydrochloride (NED) (0.1% w/v) was 

added and the mixture was incubated for 30 min at 25 °C. Formation of the pink chromophore 

was measured at 540 nm against a blank sample. Curcumin was used as a standard.  

3.7.6. Hydrogen peroxide scavenging assay 
The assay was performed according to a previously described method (Long, et al., 1999). 

with minor modifications. An aliquot of 50 mM H2O2 and various concentrations (0-2 mg/ml) 

of samples were mixed (1:1 v/v) and incubated for 30 min at room temperature. After 

incubation, 90 μl of the H2O2-sample solution was mixed with 10 μl HPLC-grade methanol 

and 0.9 ml FOX reagent was added (9 volumes of 4.4 mM BHT in HPLC-grade methanol 

with 1 volume of 1 mM xylenol orange and 2.56 mM ammonium ferrous sulfate in 0.25 

MH2SO4). The reaction mixture was vortexed and incubated at room temperature for 30 min. 

The absorbance was measured at 560 nm. Sodium pyruvate was used as the reference 

compound.  

3.7.7. Peroxynitrite scavenging activity 
A previously described standard method (Beckman, et al., 1994) was followed to synthesize 

peroxynitrite (ONOO-). In brief, 5 ml 0.6 M KNO2 was mixed with an acidic solution (0.6 M 

HCl) of 5 ml H2O2 (0.7 M) on ice bath and 5 ml of ice-cold 1.2 M NaOH was added to it. The 

solution was subjected to treatment with granular MnO2 prewashed with 1.2 M NaOH to 

remove the excess H2O2. The reaction mixture was left overnight at -20 °C. Peroxynitrite 

solution was collected from the top of the frozen mixture and the concentration was measured 

at 302 nm (ε = 1670 M-1 cm-1). 
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Evans blue bleaching assay was used to measure the peroxynitrite scavenging activity. 

(Bailly, et al., 2000). The reaction mixture contained 50 mM phosphate buffer (pH 7.4), 0.1 

mM DTPA, 90 mM NaCl, 5 mM KCl, 12.5 μM Evans Blue, various doses of plant extract (0-

200 μg/ml) and 1 mM peroxynitrite in a final volume of 1 ml. The mixture was incubated at 

25 °C for 30 min and the absorbance was measured at 611 nm. Gallic acid was used as the 

reference compound. 

3.7.8. Singlet oxygen scavenging assay 
The assay was performed according to previously reported spectrophotometric method with 

minor modifications (Pedraza-Chaverri, et al., 2004). Singlet oxygen was generated by a 

reaction between NaOCl and H2O2 and the bleaching of N, N-dimethyl-4-nitrosoaniline 

(RNO) was read at 440 nm. The reaction mixture contained 45 mM phosphate buffer (pH 

7.1), 50-mM NaOCl, 50-mM H2O2, 50-mM L-histidine, 10 μM RNO and various 

concentrations (0-200 μg/ml) of sample in a final volume 2 ml. The solution mixtures were 

incubated at 30 °C for 40 min and decrease in the absorbance of RNO was measured at 440 

nm. Lipoic acid was used as a reference compound.  

3.7.9. Hypochlorous acid scavenging assay 
Hypochlorous acid (HOCl) was prepared freshly just before the experiment by adjusting the 

pH of a 10% (v/v) solution of NaOCl to 6.2 with 0.6 M H2SO4, and the concentration of 

HOCl was determined by measuring the absorbance at 235 nm using the molar extinction 

coefficient of 100 per M/cm. The assay was carried out according to a previously described 

method with slight modifications (Hazra, et al., 2008). The reaction mixtures contained, in a 

final volume of 100 μl, 50-mM phosphate buffer (pH 6.8), catalase (7.2 μM), HOCl (8.4 mM) 

and increasing concentrations (0-100 μg/ml) of plant extracts. The assay mixture was 

incubated at 25 °C for 20 min and the absorbance was measured at 404 nm. Ascorbic acid was 

used as the reference compound. 

3.7.10. Iron chelation assay 
The ferrous ion chelating activity was evaluated by a standard spectrophotometric method 

(Haro-Vicente, et al., 2006) with minor changes. The reaction was carried out in HEPES 

buffer (20 mM, pH 7.2). Various concentrations of plant extracts (0-120 μg/ml) were mixed 

with 12.5 μM ferrous sulfate solution. The reaction was initiated by the addition of 75 μM 

ferrozine. The mixture was shaken vigorously and incubated for 20 min at room temperature 

and the absorbance was measured at 562 nm. EDTA was used as a standard. 
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3.7.11. Total reducing power 
The method described by Oyaizu (1986) was followed with slight modification to evaluate the 

total reducing power of the N. indicum extracts. Different concentrations (0-1 mg/ml) of 

extracts (0.5 ml) were mixed with 0.5 ml phosphate buffer (pH 6.6) and 0.5 ml 0.1% 

potassium hexacyanoferrate. The solutions were incubated at 50 °C in a water bath for 20 

min. Then, 0.5 ml of 10% TCA was added in each tube to terminate the reactions. The upper 

portion of the solutions (1 ml) were mixed with 1 ml distilled water, and 0.1 ml FeCl3 solution 

(0.01%) was added. The reaction mixtures were left for 10 min at room temperature and the 

absorbance was measured at 700 nm against an appropriate blank solution. A higher 

absorbance of the reaction mixture indicated greater reducing power. Butylated 

hydroxytoluene (BHT) was used as a positive control.  

3.7.12. Inhibition of lipid peroxidation 
The assay was carried out according to a previously described method (Kizil, et al., 2008) 

with slight modifications. Brain homogenate was prepared by centrifuging (3000 rpm for 10 

min) Swiss albino mice brain (20±2 g) with 50 mM phosphate buffer (pH 7.4) and 120 mM 

KCl. Then 100 µl of the supernatant homogenates were mixed with various concentrations (0-

25 µg/ml) of the plant extracts, followed by addition of 0.1 mM FeSO4 and 0.1 mM ascorbic 

acid, and incubated for 60 min at 37 °C. Then 500 µl 28% TCA was added to stop the 

reaction and 380 µl 2% TBA was added with heating at 95 °C for 30 min. The solutions were 

cooled on ice, centrifuged at 8000 rpm for 2 min and the absorbance was measured at 532 nm. 

Trolox was used as the standard. 

3.7.13. Quantification of total phenolic content 
A standard method was followed to determine the total phenolic contents using Folin-

Ciocalteu (FC) reagent (Singleton & Rossi, 1965). Briefly, 0.1 ml of extracts were mixed with 

0.75 mL of FC reagent (previously diluted 1000 fold with distilled water). The reaction 

mixtures were incubated for 5 min at 22 °C and then 0.06% Na2CO3 solution was added to the 

mixtures. After incubation at 22 °C for 90 min, the absorbance was measured at 725 nm. The 

phenolic contents were evaluated from a gallic acid standard curve. 

3.7.14. Quantification of total flavonoid content 
 Total flavonoid contents were quantified according to a standard method using quercetin as a 

standard (Zhishen, et al., 1999). The plant extracts (0.1 ml) were mixed with 0.3 ml distilled 

water followed by 0.03 ml 5% NaNO2. After 5 min incubation at 25 °C, 0.03 ml 10% AlCl3 

was added. After another 5 min, the reaction mixtures were treated with 0.2 ml 1 mM NaOH. 

Finally the reaction mixtures were diluted to volume (1 ml) with distilled water. Then the 
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absorbance was measured at 510 nm. The flavonoid contents were calculated from a quercetin 

standard curve.  

3.7.15. Statistical analysis 
All data are represented as the mean±SD of six measurements. Statistical analysis were 

performed using KyPlot version 2.0 beta 15 (32 bit). The percentage of inhibition/scavenging 

were calculated by the formula: [(A0 – A1) ÷ A0] × 100, where A0 was the absorbance of 

control and A1 was the absorbance of samples and standard. The IC50 values were calculated 

by the formula Y = 100 × Ax/(X + Ax), where Ax = IC50, Y = response (Y = 100% when X = 

0), X = inhibitory concentration. The IC50 values were compared by paired t tests. p < 0.05 

was considered significant. 

  

45 
 



3.8. Hepatoprotective activities 
The hepatoprotective activity of N. indicum was evaluated by the following methods: 

3.8.1. Experimental design: in vivo 
Swiss albino mice were randomly divided into different groups (n=6) and following 

treatments were done once per day for 10 consecutive days: Control group received normal 

saline; CCl4 group received 1:1 (v/v) CCl4 in olive oil; Silymarin group received 1:1 (v/v) 

CCl4 in olive oil and 100 mg/kg bw silymarin; Three low dose extract groups received 1:1 

(v/v) CCl4 in olive oil and 50 mg/kg bw NILE, NISE and NIRE, respectively; Three high dose 

extract groups received 1:1 (v/v) CCl4 in olive oil and 200 mg/kg bw NILE, NISE and NIRE, 

respectively. 

On 11th day i.e. 24 h after the last dose, blood was collected by cardiac puncture under 

anesthesia and finally the animals were sacrificed. Blood was allowed to clot for 60 min at 

room temperature (20 °C) and then serum was separated by centrifuging at 1000 rpm for 5 

min. The straw coloured serum was used to study liver marker enzymes. Liver from the 

animals were isolated by separating the liver from diaphragm by cutting the falciform and 

coronary ligaments. The livers were wash with double distilled water to remove blood and 

used for antioxidant enzymatic assays. Liver tissue required for histological study were 

collected in Bouin’s solution. 

3.8.2. Liver function test: in vivo 
The serum samples from each group were used to study ACP, albumin, globulin, glucose, 

ALP, bilirubin, cholesterol, LDH, GGT, AST, ALT, total protein, urea and urea N2 levels 

using commercially available kits (Crest Biosystems, India). 

3.8.3. Estimation of peroxidase activity 
Peroxidase activity in liver of the experimental mice were estimated by measuring the 

oxidation of guiacol according to a standard method (Sadasivam & Manickam, 2008). In 

brief, 50 mg tissue samples were homogenized in 1 ml ice-cold 0.1 M phosphate buffer (pH 

7.0). The homogenate was centrifuged at 3000 rpm for 15 min and the supernatant was 

separated. Then, 100 μl supernatant was mixed with 20 mM guiacol. In presence of 300 μl 

H2SO4 (12.3 mM), the time was recorded for the increase of absorbance by 0.1 at 436 nm. 

3.8.4. Estimation of catalase activity 
Catalase activity was measured by degradation of substrate H2O2 by catalase in the liver tissue 

samples following the standard method described by Luck (1963) with some modifications. 

Briefly, 50 mg tissue samples were homogenized in 0.05 M of 1 ml Tris-HCl buffer (pH 7.0) 
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and centrifuged at 10,000 rpm for 10 min at 4 °C. The supernatants were collected. Next, in a 

spectrophotometric cuvette, 500 μl of 0.34 mM H2O2 and 2.5 mL H2O were added and 

absorbance was read at 240 nm. Then, 40 μl supernatant was added into the cuvette and 

change in absorbance was noted six times at 30 sec intervals. 

3.8.5. Experimental design: in vitro 
The in vitro hepatoprotective capacity of N. indicum extracts were studied according to 

previously standardized methods with minor modifications (Freshney, 2005; Mishra, et al., 

2011). Briefly, different groups of primary explant culture of mice hepatocytes were prepared 

in RPMI-1640 medium (containing 50 U/ml penicillin, 50 U/ml streptomycin and 50 U/ml 

nystatin) supplemented with 10% fetal bovine serum (FBS). After 48 h of the culture the 

following treatments were done: Control had no separate treatment; CCl4 group received 25 

µl/ml CCl4; Silymarin group received 25 µl/ml CCl4 and 100 µg/ml silymarin; Low dose 

extract groups received 25 µl/ml CCl4 and 25 µg/ml NILE, NISE and NIRE, respectively; 

High dose extract groups received 25 µl/ml CCl4 and 100 µg/ml NILE, NISE and NIRE, 

respectively. The plates were incubated for 2 h and then culture supernatants were collected 

by centrifugation (5000 rpm for 10 min). 

3.8.6. Liver function test: in vitro 
Culture supernatants from each group were analysed for ACP, ALP, bilirubin, LDH, AST, 

ALT and total protein levels using commercially available kits (Crest Biosystems, India). 

3.8.7. Measurement of lipid peroxidation 
The MDA content was determined using TBARS assay kit (Cayman, USA) according to the 

manufacturer’s instructions. The absorbance of the supernatant was measured at 340 nm. 

3.8.8. Measurement of TNF-α 
The amount of TNF-α released in culture supernatants were measured using TNF-α ELISA kit 

(Ray Bio, USA) according to the manufacturer’s instructions. Absorbance was immediately 

measured after the assay at 450 nm using Bio-Rad iMark™ microplate absorbance reader. 

Standard was run in parallel to the samples. 

3.8.9. Measurement of inhibition of NO 
Culture supernatants were used to determine the NO level using the Griess reagent method 

(Hibbs, et al., 1988) with some modifications. Briefly, 60 µl culture supernatant from each 

group was mixed with 240 µl of Griess reagent (1% sulfanilamide and 0.1% N-(1-naphthyl) 

ethylenediamine hydrochloride in 2.5% H3PO4) in a 96-well plate and incubated for 20 min at 

room temperature. The purple azo-dye formed, was detected at 540 nm. 
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3.8.10. MTT cytotoxicity assay 
Hepatocyte necrosis results due to CCl4 toxicity. Therefore, MTT cytotoxicity assay was 

performed to examine the protection rendered by NILE against CCl4 mediated toxicity. 

Hepatocytes were cultured as described previously. The cytotoxicity assay was performed in 

six sets using EZcountTM MTT Cell Assay Kit (HiMedia) according to the manufacturer’s 

instructions. 

3.8.11. Histological studies 
Livers were removed from the animals of the in vivo experiments after the collection of blood 

and were fixed overnight in 10% buffered formalin. The samples were subjected to 

dehydration and the embedded in paraffin. Thick sections (4 µm) of the paraffin embedded 

livers were cut by microtome and then dewaxed in xylene, rehydrated in a series of different 

grades of alcohol and then washed with distilled water for 5 min. Subsequently, the sections 

were stained with haematoxylin for 40 sec and counterstained with eosin for 20 sec. The 

sections were dehydrated in graded alcohol series and washed in xylene. The slides were 

observed using Magnus trinocular microscope MLX-TR (Olympus microscopes) for signs of 

necrosis, portal inflammation, vascular congestion, fatty infiltration, vacoular degeneration, , 

leukocyte infiltration, loss of structure of hepatic nodules and so forth (Knodell, et al., 1981; 

Ruwart, et al., 1989). 

3.8.12. Statistical analysis 
All data are reported as the mean±SD of six measurements. Statistical analysis was performed 

and graphs were prepared using KyPlot version 2.0 beta 15 (32 bit). Comparison between 

groups were performed using one-way analysis of variance (ANOVA) with Dunnett’s test. 

p<0.05 was considered significant. 
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3.9. Anti-diabetic activities 
NILE, NISE and NIRE were evaluated for their anti-diabetic activities by the following 

methods: 

3.9.1. Alpha-amylase inhibitory activity 
The assay was carried out according to the standard method of Hansawasdi, et al., (2000) with 

some modifications. Briefly, 1% starch azure was suspended in 0.5 M Tris-HCl (pH 6.9) 

containing 0.01 M CaCl2 and boiled on water bath for 5 min. The tubes were cooled down to 

room temperature and different concentrations (0-200 µg/ml) of N. indicum extracts and 

amylase (2 U/ml) in Tris‐HCl buffer was added to it. The solution were mixed properly and 

incubated for 5 min at 37 °C. The reactions were stopped by addition of 250 µl of 1 M HCl 

followed by centrifuge at 3000 rpm for 10 min. The supernatants were collected and 

absorbance were read at 595 nm. The percentage inhibition was calculated from the following 

formula: % of inhibition [α-amylase] = A0 – A1
A0

 × 100, where A0 was the absorbance of the 

blank and A1 was the absorbance in the presence of the varying concentrations of extracts. 

3.9.2. Induction of experimental diabetes 
Diabetes was induced in experimental mice by a single intraperitoneal injection (0.2 ml) of 

freshly dissolved alloxan monohydrate in saline (154 mM NaCl) with a dose of 150 mg/kg 

BW. Mice with 12 h fasting blood glucose level >200 mg/dl on the third day of alloxan 

administration were considered diabetic and selected for the following treatments. 

3.9.3. Drug administration in diabetic animals 
Swiss albino mice of either sex were randomly divided into groups (n=6). Control (non-

diabetic mice) received normal saline; T1D group (diabetic mice) received normal saline; 

Glibenclamide group (diabetic mice) received glibenclamide at 5 mg/kg BW per day; Three 

low dose group (diabetic mice) received NILE, NISE and NIRE, respectively (in distilled 

water) at 50 mg/kg BW per day. Three high dose group (diabetic mice) received NILE, NISE 

and NIRE, respectively (in distilled water) at 200 mg/kg BW per day. The treatments were 

done for 20 consecutive days. 

3.9.4. Estimation of body weight and blood glucose level 
Total body weight of all the experimental animals were recorded on day 1, day 10 and day 20 

of the treatments and 12 h fasting blood glucose levels were estimated using Bayer 

glucometer (contour TS meter) from the tail vein on the aforementioned days.  
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3.9.5. Collection of serum and tissue 
On day 21, i.e. 24 h after the last treatment, (12 h fasting) mice were sacrificed under mild 

ether anesthesia and blood was collected by puncturing the heart. Whole blood (50 µl) was 

used to estimated glycated haemoglobin (HbA1c) level by ion-exchange high-performance 

liquid chromatography (HPLC) using Bio-Rad D-10TM Dual HbA1c program 220-0201 

according to manufactures instructions. The remaining blood was allowed to clot for 60 min 

at room temperature and then serum was separated by centrifuging at 1000 rpm for 10 min. 

Separated serum was kept at -20 oC until further use. Skeletal muscle collected from the thigh 

muscle and tissue samples of liver and kidney were separated and washed thoroughly with 

phosphate buffer saline (PBS) and stored at -20 oC for future use. 

3.9.6. Study of serum biochemical parameters 
Serum insulin level was estimated by ELISA method using AccuBind Universal ELISA kit 

(Monobind Inc., USA) according to manufactures instructions. The serum samples from all 

the groups were used to study ACP, ALP, cholesterol, creatinine, triglyceride, AST, ALT, 

uric acid, urea and urea N2 levels using commercially available kits of Crest Biosystems 

(India).  

3.9.7. Measurement of lipid peroxidation 
The extent of lipid peroxidation was measured by estimation of malondialdehyde (MDA) 

content in serum. The assay was performed in six sets by the thiobarbituric acid reactive 

substances (TBARS) assay kit according to the manufacturer’s (Cayman, USA) instructions. 

3.9.8. Estimation of hepatic glycogen 
Glycogen level was estimated in liver samples by the standard anthrone reagent method 

previously described by Carroll, et al., (1956) with some modifications. In brief, liver samples 

were mixed with trichloroacetic acid (TCA) and homogenized properly followed by 

centrifugation at 3000 rpm for 15 min. Supernatants were decanted separately and the pellets 

were re-homogenized using TCA, followed by centrifugation. The process was repeated twice 

and then the supernatants from all the phases were mixed together and the volume was made 

upto the mark using 5% TCA. The mixture (200 μl) was mixed with 1 ml 95% ethanol, mixed 

properly and incubated at RT for 12 h. The tubes were then centrifuges at 3000 rpm for 15 

min. The supernatants were removed and the pellet was mixed with 2 ml H2O followed by 

addition of 10 ml anthrone reagent into each tube. The tubes were then subjected to boiling 

water bath for 15 min, cooled down and the OD was meadured at 620 nm. Glycogen content 

was measured from a glucose standard curve prepared in parallel to the samples. 
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3.9.9. Estimation of anti-oxidative enzymes: Peroxidase and 
Catalase 
Estimation of peroxidase and catalase activities in liver, kidney and skeletal muscle were 

estimated in the experimental groups by the standard methods of Sadasivam and Manickam 

(2008) and Luck (1963), respectively, as described previously (section 3.8.3 and 3.8.4). 

3.9.10. Oral glucose tolerance test (OGTT) 
A different set of diabetic and non-diabetic mice were divided into 6 groups (n=6) as 

previously described and treated with glibenclamide and NOLE for 20 days. After the last 

dose, the mice were fasted for 12 h and subsequently, a dose of glucose (2.5 g/kg body 

weight) were orally administered. Blood glucose levels were estimated from the blood 

samples collected from the tail vein just prior to glucose administration and 60, 120 and 180 

min post-glucose administration. 

3.9.11. Statistical analysis 
Statistical analysis was performed and graphs were prepared using KyPlot version 2.0 beta 15 

(32 bit). Data were statistically analyzed using one-way analysis of variance (ANOVA) with 

Dunnett’s test. Data of OGTT was analyzed using two-way ANOVA. p < 0.05 was 

considered significant. The IC50 value was calculated by the formula Y = 100 × 𝐴1
𝑋 × 𝐴1

 where A1 = 

IC50, Y = response (Y = 100% when X = 0), X = inhibitory concentration. All data are 

reported as the mean±SD of six measurements. 
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3.10. Phytochemical analysis 
The phytochemical constituents in N. indicum leaf, stem and root were studied by the 

following methods: 

3.10.1. Sample preparation for preliminary phytochemical 
analysis 
Disease free fresh leaves, stem and root were collected from a mature N. indicum plant. The 

parts were washed properly first with tap water and then with double distilled water to remove 

dirt. The parts were then shade dried at room temperature for 14 days and grinded to powder 

using a blender (Lords® Hummer 1100). The powder was then passed through a 0.5 mm 

metallic mesh. Aqueous and methanolic fractions was prepared to perform the qualitative test. 

Aqueous extract: The crude dried powder (10 g) was taken in a 250 ml conical flask and 

100 ml of double distilled water was added to it. The mixture was stirred on a magnetic stirrer 

for 10 h and then filtered through Whatman filter paper number 1 (150 mm). The filtrate was 

used for the following phytochemical tests. 

Methanolic extract: 10 g of crude dried plant powder was taken with 100 ml of 70% 

methanol in a 250 ml conical flask. The mixture was mixed in a magnetic stirrer for 10 h in 

room temperature and filtered through Whatman filter paper number 1. 

The resultant extracts were used for the preliminary phytochemical investigations according 

to the standard chemical tests (Brain & Turner, 1975; The Indian Pharmacopoeia, 1996; 

Khandelwal, 2008; Gokhale & Kokate, 2008). 

3.10.2. Qualitative tests 
3.10.2.1. Tannin 
The aqueous extract (10 ml) was mixed with few drops of 0.1% FeCl3 solution. Formation of 

blue-black precipitate indicated the presence of tannin. 

3.10.2.2. Phlobatannin 
The aqueous extract (10 ml) was taken in a boiling tube and 2 ml of concentrated HCl was 

added to it. The mixture was boiled for 1 minute. Deposition of red precipitate indicated the 

presence of phlobatannins. 

3.10.2.3. Carbohydrate 
The aqueous extract (2 ml) was mixed with 2 ml of Molish’s reagent (5% α-napthol in 

absolute ethanol) and shaken vigorously. Concentrated H2SO4 (2 ml) was slowly added along 

the wall of the test tube. Formation of reddish-violet ring at the junction of two liquids 

indicated the presence of carbohydrates. 
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3.10.2.4. Proteins 
The aqueous solution (2 ml) was mixed with 1 ml of 40% NaOH solution. Few drops of 

CuSO4 solution was added to it. Change of colour of the solution into violet indicated the 

presence of proteins. 

3.10.2.5. Terpenoid 
The methanolic extract (5 ml) was mixed with 2 ml of chloroform. Concentrated H2SO4 (3 

ml) was added slowly along the wall of the test tube. Development of reddish-brown colour at 

the junction of two liquid phases indicated the presence of terpenoids. 

3.10.2.6. Glycoside 
The methanol extract (5 ml) was mixed with 2 ml of glacial acetic acid containing 2% FeCl3 

solution. Concentrated H2SO4 (1 ml) was added slowly along the walls of the test tube. 

Formation of a brown ring at the interphase of two liquid notified the presence of glycoside. 

3.10.2.7. Steroid 
The methanol extract (5 ml) was treated with 0.5 ml of anhydrous CH3COOH and was cooled 

on an ice bath for 15 min. Then chloroform (0.5 ml) was added to the solution and 1 ml of 

concentrated H2SO4 was poured along the walls of test tube. Formation of a reddish-brown 

ring at the separation level of two liquids was an indication of the presence of steroids. 

3.10.2.8. Cholesterol 
The methanolic extract (2 ml) was mixed with 2 ml of chloroform followed by addition of 10-

12 drops of acetic acid anhydride. Then, few drops of concentrated H2SO4was added to it. 

Change of reddish-brown color to blue-green on addition of H2SO4 indicated the presence of 

cholesterol. 

3.10.2.9. Alkaloid 
The methanolic extract (2 ml) was taken in a test tube and 2 ml of 2N HCl was added to it. 

The solution was shaken vigorously to mix and incubated for 5 min at room temperature. The 

aqueous phase formed was separated from the two liquid phases and few drops of Mayer’s 

reagent (HgCl2 + KI in water) was added to it and shaken. Generation of creamy coloured 

precipitate indicate the presence of alkaloids.. 

3.10.2.10. Phenolics 
The methanolic extract (10 ml) was treated with 4-5 drops of 2% FeCl3 solution. Change of 

coloration of the solution indicates presence of phenolics. 

3.10.2.11. Flavonoid 
The crude powdered plant sample (2 g) was heated with 10 ml of ethyl acetate over a water 

bath for 5 minutes. The solution was filtered through Whatman filter paper number 1. The 

filtrate (2 ml) was mixed with dilute ammonia solution (10%) and shaken vigorously. Yellow 

coloration of the solution indicates the presence of flavonoids. 
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3.10.2.12. Anthraquinone 
The crude plant powder (500 mg) was mixed with 20 ml of benzene and stirred in a magnetic 

stirrer for 4 h and filtered. The filtrate (10 ml) was mixed with 0.5 ml ammonia solution and 

mixed properly. Presence of violet colour at the layer phase indicates presence of 

anthraquinones. 

3.10.2.13. Saponin 
The powdered plant material (500 mg) was boiled with 15 ml of double distilled water in a 

boiling water bath. Formation of intensive froth is the indication of the presence of saponin. 

3.10.3. Quantitative tests 
The quantitative estimation of different phytochemicals were performed according to various 

standard methods with minor modifications. 

3.10.3.1. Alkaloid 
The total alkaloid content was estimated according to the methods with minor modifications 

(Obadoni & Ochuko, 2001; Harborne, 1983). In brief, 5 g of powdered sample was mixed 

with 20% CH3COOH in ethanol. The mixture was shaken on a magnetic stirrer for 10 h and 

filtered. The filtrate was placed on a hot water bath (60 °C) until the volume turns ¼th of its 

initial volume. Concentrated NH4OH was added drop wise till the saturation point which gave 

rise thick precipitate. The whole solution was allowed to settle down. The precipitate was 

collected by filtration, dried in an oven and weighed. 

3.10.3.2. Flavonoid 
A standard method (Boham & Kocipai DC, 1994) was followed with slight modifications to 

quantify the total flavonoid content. The powered sample was mixed with 100 ml of 70% 

methanol and was stirred using a magnetic stirrer for 3 hours and filtered. The remaining 

powdered material was re-extracted once again with 70% methanol and filtered as previous. 

Filtrates of both the phases were mixed and transferred into a crucible and evaporated to 

dryness over a water bath of 60  °C and weighed. 

3.10.3.3. Saponin 
Total saponin content was estimated according to a slightly modified standard method 

(Edeoga, et al., 2005). The powdered plant material (10 g) was mixed with 100 ml of 20% 

ethanol and heated over a hot water bath of 55 °C for a period of 5 h with stirring. The 

mixture was filtered and the supernatant liquid was separated. The residue was again re-

extracted with 20% ethanol as previous. The supernatant liquids of both phases were mixed 

and placed on a hot water bath of 90 °C and heated till the volume of the extract was reduced 

to 20% of its initial volume. Then 10 ml of diethyl ether was added to it and shaken 

vigorously. After the solution settles down the aqueous layer was separated carefully into 
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another flask and the ether layer was discarded. The purification process was repeated. Then 

60 ml n-butanol extracts were washed twice with 10 ml of 5% aqueous NaCl solution. The 

remaining solution was heated in a water bath at 50 °C until the solvent evaporates and the 

solution turns to semi dried form. The sample was then dried in an oven into a constant 

weight. The saponin content was calculated by the following equation: Percentage of saponin 

= (WEP / WS) × 100, where, WEP = weight of oven dried end product and WS = weight of 

powdered sample taken for test. 

3.10.3.4. Tannin 
The assay was performed according to a previously described standard method with slight 

modifications (Van-Burden & Robinton, 1969). The crude powder sample (1 g) was mixed 

with 50 ml of double distilled water and shaken on a magnetic stirrer for 10 h at room 

temperature. The mixture was filtered and made up to 50 ml using distilled water. The 

solution (5 ml) was pipetted out in a test tube and 0.008 M K4[Fe(CN)6] and 0.1 M FeCl3 in 

0.1 N HCl was added to it. The absorbance was measured in spectrophotometer at 605 nm 

within 10 minutes. A blank was prepared and read at the same wavelength. Tannic acid was 

used to prepare standard curve. 

3.10.3.5. Riboflavin 
The test was performed according to a standard method (Abe & Yamauchi, 1992) with slight 

modifications. The dry powder (10 g) was mixed with 100 ml 50% ethanol and stirred for 10 

h on a magnetic stirrer at room temperature. The solution was filtered and 25 ml of 5% 

KMnO4 solution was added to it. The mixture was stirred continuously while 25 ml of 30% 

H2O2 was added to it. This was placed on a 80 °C water bath for 30 min. Then, 5 ml 40% 

Na2SO4 was added to it and the absorbance was measured at 510 nm against a suitable blank. 

The riboflavin content was calculated from a riboflavin standard curve. 

3.10.3.6. Thiamine 
A previously standard method was followed with slight modifications (Poornima & Rai, 

2009) to quantify the thiamine content. The dried plant powder (50 g) was dispersed in 50 ml 

ethanolic NaOH (20%) and stirred over a magnetic stirrer for 3 h at room temperature and 

then filtered. Then, 10 ml of the filtrate was mixed with 10 ml of 2% potassium dichromate 

solution. The absorbance was read at 360 nm against a suitable blank. The thiamine content 

was calculated from a thiamine standard curve. 

3.10.3.7. Ascorbic acid 
Slightly modified method of Barakat, et al., (1993) was followed to estimate the quantity of 

ascorbic acid. The dried powder sample (5 g) was mixed with 100 ml extraction mixture 
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(TCA : EDTA at 2:1) and stirred on a magnetic stirrer for 3 h at room temperature. This was 

centrifuged at 2000 rpm for 30 min. After centrifugation the supernatant liquid was filtered 

and 2-3 drops of 1% starch indicator was added to it and was titrated against 20% CuSO4 

solution until a dark end point is reached. 

3.10.3.8. Phenols 
To estimate total phenol (Obadoni & Ochuko, 2001) content the test sample needed to be fat 

free. The crude plant powder (5 g) was mixed with 100 ml n-hexane and defatted using a 

soxlet apparatus for 2 h. The resultant was used for determination of total phenols. 

The fat free sample was boiled with 50 ml ether for 15 min. The resultant was filtered and 5 

ml of the filtrate was mixed with 10 ml of double distilled water. Then, 2 ml of NH4OH 

solution and 5 ml of concentrated amyl alcohol was added to the solution with constant 

stirring. The solution was incubated at room temperature for 30 min for colour development 

and the absorbance was read at 550 nm against a suitable blank. The phenolic content was 

evaluated from a gallic acid standard curve. 

3.10.3.9. Protein 
Total protein was estimated according to the method proposed by Lowry, et al.(1951) with 

slight modifications. Known concentrations of bovine serum albumin was taken as standard 

and the OD was read at 750 nm using a suitable blank. 

3.10.3.10. Lipid content 
The assay was performed according to a standard method (Jayaraman, 2011) with slight 

modifications. The dried sample (1 g) was macerated with 10 ml distilled water. To this, 30 

ml of chloroform-methanol (2:1 v/v) was mixed thoroughly and the mixture was left 

overnight at room temperature. Then, 20 ml chloroform and equal volume of distilled water 

was added and centrifuged at 1000 rpm for 10 min. After centrifugation three layers were 

formed, out of which the lower layer was collected which contained chloroform containing 

lipid. The mixture was kept in an oven for 60 min at 50 °C to evaporate the chloroform. 

Weight of the remaining was calculated. 

3.10.3.11. Total sugar 
The total sugar content was determined according to DuBois, et al. (1951) with slight 

modifications. The powdered sample (50 g) was macerated in a pestle and mortar with 20 ml 

of ethanol and kept for incubation at 30 °C for 10 h. The mixture was centrifuged at 1500 rpm 

for 20 min and the supernatant was collected separately. To the resultant 1 ml of alcoholic 

extract, 1 ml 5% phenol solution was added and mixed thoroughly. Then, 5 ml of 
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concentrated H2SO4 was added rapidly with constant stirring. This was allowed to stand for 

30 min at room temperature. Absorbance was measured at 490 nm against a blank.  

3.10.3.12. Moisture and ash content 
Moisture and ash content of different parts of the plant was estimated by subjecting specific 

amount of sample to 90 °C for 12 h in an oven and at 400° - 450 °C in a furnace for 5 min, 

respectively. The resultant weight was calculated for moisture and ash content estimation 

respectively. 

3.10.4. Fourier Transform Infrared Spectroscopy analysis 
FTIR spectrophotometry was used to identify the characteristic functional groups in NILE, 

NISE and NIRE. Small quantity (<10 mg) of the extracts were taken in CaF2 vessel and 

placed in a sample cup of a diffuse reflectance accessory. The IR spectrum was obtained 

using Shimadzu 8300 FT-IR spectrophotometer at ambient temperature. Background 

correction was made by taking IR spectrum of de-ionized water as the reference in identical 

condition. The sample was scanned from 400 to 4000 cm-1 for 16 times to increase the signal 

to noise ratio. 

3.10.5. Gas chromatography-mass spectrometry analysis 
NILE, NISE and NIRE were separately dissolved in dichloromethane and n-hexane and the 

mixtures was centrifuged thrice at 12,000 rpm for 15 min. The clear supernatant was used for 

GC-MS analysis. Agilent 5975C GC-MS system (Agilent Technologies, USA) attached with 

HP-5ms Capillary Column (30 m × 0.25 mm i.d. × 0.25 μm film thickness) and equipped with 

inert MSD triple axis mass detector conditioned at ion trap 200 °C, transfer line 280 °C, 

electron energy 70 eV (vacuum pressure- 2.21e - 0.5 torr) was used for analysis. The carrier 

gas was helium at a flow rate of 1 ml/min. The sample (2 µl) was injected in a splitless mode. 

The column temperature was set at 60 ºC for 1 min. followed by 5 ºC/ min upto 250 °C. The 

major and essential compounds in NOLE were identified by their retention times and mass 

fragmentation patterns using Agilent Chem Station integrator and the database of National 

Institute Standard and Technology (NIST) with a MS library version 2010. 

3.10.6. High Performance Liquid Chromatography analysis 
NILE, NISE and NIRE were subjected to Bligh and Dyer method (1959) to remove the lipid 

contents. The methanolic fractions were separated and mixed with 4 volumes of chilled 

acetone and incubated for 60 min at -20 °C. The solution was then centrifuged at 15,000 × g 

for 15 min at 4 °C. The pellet containing protein was discarded and the supernatant was 

subjected to thin layer chromatography (TLC) on a silica gel plate using 10% acetic acid in 

chloroform as solvent. The corresponding bands of secondary metabolites were eluted by 
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acetonitrile after detection with 20% w/v Na2CO3 and diluted Folin-Ciocaltaeu reagent (1:3). 

The solution was then analysed using HPLC (Agilent, USA) having Zorbax SB-C18 column 

(4.6×150 mm, 3.5 micron) and equipped with Diod Array Detector. Gradient concentration of 

mobile phase A - methanol (M) and B - water (W) with 0.02% H3PO4 were as follows: 25% 

A + 75% B for 5 min, 30% A + 70% for 10 min, 45% A + 55% for 30 min and 80% A + 20% 

B for 45 min. The injection volume was 20 µl and the flow rate was kept at 0.4 ml/min. 

Analytes were scanned in four wave length of 254 nm, 275 nm, 280 nm and 320 nm. The 

peaks were identified by comparing the relative retention time (RRT) against standard 

phenolic acids (Sigma, USA; ChromaDex, USA), flavonoids and methylphenols 

(ChromaDex, USA); co-chromatography with the authentic compounds and considering their 

respective spectral patterns. Identified compounds were estimated using external method after 

calibration with response factor of authentic compounds with specific concentration, 

considering proper validation criteria by the following formula: Response factor = area of 

standard ÷ amount of standard. Amount of the analyte = peak area of the analyte ÷ response 

factor. 

The concentration of the analytes were expressed in µg/mg as calculated from the dry weight 

(DW) of NILE, NISE and NIRE initially measured for the extraction process. 
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4.  
RESULTS 



4. Results 
4.1. Immunomodulatory activities 

4.1.1. Plaque forming cell (PFC) assay 
The results of the PFC assay are illustrated in Table 1. The PFC value of control (0 mg/kg) 

was 101.33±6.37 per 106 cells. Dose dependent significant increase (P<0.001) were 

demonstrated only by NILE and NIRE whereas, NISE demonstrated no significant (P>0.05) 

elevation in PFC value. At the highest dose (200 mg/kg), the PFC value for NILE, NISE and 

NIRE were 159.83±6.01 per 106 cells, 103.00±6.95 per 106 cells and 152.5±3.67 per 106 cells, 

respectively. 

               

4.1.2. Immunoglobulin M (IgM) level 
The results of estimation of in vivo IgM level is displayed in Table 1. The IgM level at 0 

mg/kg was 0.21±0.02 mg/ml. At 200 mg/kg, the level of IgM for NILE, NISE and NIRE were 

0.37±0.01 mg/ml, 0.23±0.02 mg/ml and 0.30±0.02 mg/ml, respectively. The dose-dependent 

correlation between PFC value and IgM level demonstrated high correlation between two 

inter-related parameters. The coefficient of determination (R2) of PFC and IgM correlation for 

NILE, NISE and NIRE were 0.9722, 0.8081 and 0.8424, respectively (Figure 12). 

4.1.3. Hemagglutination (HA) titre 
The HA titre value among the three extracts, was highest in case of NILE, followed by NIRE 

(Table 1). NISE however, failed to demonstrate any improvement in the titre level when 

compared to control. In the control group which was not treated with any extracts, 

Figure 11: Photomicrograph  of 
formation of plaques in the 
PFC assay. Antibody secreting 
cell in the centre, surrounded 
by sRBC lysis zone, formed due 
to IgM-complement complex.
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agglutination was only observed till 1/40 fold dilution. In case of NILE and NIRE at 200 

mg/kg dose, agglutination was observed up to 1/320 and 1/160 fold dilution, respectively. 

Table 1: Summarizes the immunomodulatory effect of NILE, NISE and NIRE by Plaque 
Forming Cell (PFC) assay, Immunoglobulin M (IgM) levels and Hemagglutination (HA) 
titre assay. NSP>0.05, *P<0.05, **P<0.01 and ***P<0.001 Vs control. 

 Control NILE NISE NIRE 
 

 0 mg/kg 50 
mg/kg 

100 
mg/kg 

200 
mg/kg 

50 
mg/kg 

100 
mg/kg 

200 
mg/kg 

50 
mg/kg 

100 
mg/kg 

200 
mg/kg 

 
PFC 

 
101.33 ± 

6.37 

 
133.00 

± 
4.60 
*** 

 
150.33 

± 
4.45 
*** 

 
159.83 

± 
6.01 
*** 

 
102.33 

± 
6.40 NS 

 
103.16 

± 
8.65 NS 

 
103.00 

± 
6.95 NS 

 
125.16 

± 
5.34 
*** 

 
147.5 ± 

3.98 
*** 

 
152.5 ± 

3.67 
*** 

 
IgM 

 
0.21 ± 
0.02 

 
0.32 ± 
0.01 ** 

 
0.35 ± 
0.01 ** 

 
0.37 ± 
0.01 
*** 

 
0.22 ± 
0.02 NS 

 
0.22 ± 
0.02 NS 

 
0.23 ± 
0.02 NS 

 
0.24 ± 
0.01 NS 

 
0.26  ± 
0.01 * 

 
0.30  ± 
0.02 ** 

HA 
titre 

 
1/40 

 
1/80 

 
1/160 

 
1/320 

 
1/40 

 
1/40 

 
1/40 

 
1/40 

 
1/80 

 
1/160 

 

 

Figure 12: Linear correlation between (A) IgM level Vs PFC value of NILE; (B) IgM 
level Vs PFC value of NISE and (C) IgM level Vs PFC value of NIRE. Where R2= 
Coefficient of determination. 

4.1.4. Total macrophage count 
Fig. 13 demonstrates the effect of oral feeding of NILE, NISE and NIRE on the peritoneal 

macrophage count in murine model. The number of macrophages at 0 mg/kg group was 

3.33±0.51 × 106 cells/ml. At 200 mg/kg dose, the number was altered to 5.66±0.81, 3.50±0.54 

and 4.00±0.89 × 106 cells/ml for NILE, NISE and NIRE, respectively. In this case, only NILE 

demonstrated highly significant (P<0.001) influence on total macrophage count at the highest 
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dose, compared to control. In case of NIRE, the number of cells were only marginally 

increased. At the highest dose, the amount of increase in total macrophage number for NILE 

and NIRE were calculated to be 1.70 fold and 1.20 fold, respectively. 

 

4.1.5. Phagocytic activity 
The effect of NILE, NISE and NIRE on the phagocytic capacity of murine peritoneal 

macrophage is illustrated in Figure 14A. The phagocytic capacity was measured by mean 

percentage of macrophages engulfing >4 yeast cells. Among the three extracts, only NILE 

demonstrated significant increase (P<0.01) in phagocytic capacity at 200 mg/kg dose 

compared to 0 mg/kg dose. In case of NILE, the phagocytic capacity at 0 mg/kg was 

10.04±0.82% which was increased to 14.43±0.88% at 200 mg/kg contributing to 1.43 fold 

elevation in phagocytic capacity. In case of NIRE, the phagocytic capacity was 11.85±1.28% 

(1.18 fold increase) at the highest dose. In case of NISE, even though the phagocytic capacity 

was increased up to 100 mg/kg dose (11.37±2.66%), at 200 mg/kg the activity was decreased 

(9.29±1.71%).  

Figure 14B demonstrates the phagocytic index (PI) of NILE, NISE and NIRE. The phagocytic 

index was calculated by multiplying the percentage of yeast-ingesting macrophages with the 

number of yeast-ingested per macrophages. Compared to 0 mg/kg, the PI of NILE and NIRE 

were significant (P<0.05) at 200 mg/kg dose. At the highest dose, the PI for NILE and NIRE 

were 110.56±17.57 and 83.63±5.47, respectively. In case of NISE, even though the PI was 

slightly high at 100 mg/kg dose (68.68±2.40), the PI was decreased at 200 mg/kg dose 

(66.71±4.75). At 200 mg/kg, the increase in PI for NILE and NIRE were 1.83 fold and 1.38 

fold, respectively. 

Figure 13: Effect of 
NILE, NISE and NIRE 
on total macrophage 
count in murine model. 
NSP>0.05, **P<0.01 and 
***P<0.001 Vs 0 mg/kg 
group. 
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Figure 14: The effect of N. indicum extracts on (A) Phagocytic capacity and (B) 
Phagocytic index of murine peritoneal exudate macrophages. NSP>0.05, *P<0.05 and 
**P<0.01 Vs 0 mg/kg group. 

 

 

4.1.6. Carbon-Clearance assay 
The extent of removal of foreign particle through macrophage activity resulting in carbon-

clearance is expressed in terms of absorbance value. Lower absorbance value at 650 nm with 

increase in time represents clearance of the carbon particles from the central circulation. 

Figure 15 displays the effect of NILE, NISE and NIRE on the carbon-clearance in murine 

model. In this present study, NILE at 200 mg/kg dose demonstrated highest degree of carbon 

clearance activity at 15 min compared to the control group.   

Figure 15: Effect of 
NILE, NISE and 
NIRE on removal of 
non-specific carbon 
particles from the 
systemic circulation 
as evaluated by 
Carbon Clearance 
test. δ= P>0.05, γ= 
P<0.05, β= P<0.01 
and α= P<0.001 Vs 0 
min. 
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4.1.7. Cell-adhesion assay 
The results of cell-adhesion assay (Figure 16) demonstrated gradual inhibition of cell-

adhesion properties of macrophages with increase in dose of N. indicum extracts. The 

inhibitory property of NILE was much higher than that of NISE and NIRE. At 100 μg/ml, the 

percentage of inhibition of cell-adhesion for NILE, NISE and NIRE were 21.52±2.06%, 

10.32±1.32% and 9.92±2.41%, respectively. 

 

Figure 16: Inhibition of cell-adhesion by NILE, NISE and NIRE. NSP>0.05, **P<0.01 
and ***P<0.001 Vs 0 μg/ml group.  

4.1.8. Respiratory burst activity 
Increase in absorbance at 630 nm at the highest dose (100 μg/ml), compared to 0 μg/ml group 

was observed in case of NILE, NISE and NIRE, where increase of absorbance signifies 

increased respiratory burst activity (Figure 17). However, only statistically significant 

increase (P<0.01) of respiratory burst was observed only in case of NILE. The extent of 

increase in respiratory burst at 100 μg/ml for NILE, NISE and NIRE were 1.70 fold, 1.32 fold 

and 1.31 fold respectively. 

63 

 



 

 

4.1.9. Myeloperoxidase (MPO) assay 
Fig 18 demonstrates the significant (P<0.001) MPO reducing capacity of NILE, NISE and 

NIRE. At 100 μg/ml, the amount of reduction of MPO for NILE, NISE and NIRE were 

16.00±1.64%, 7.17±1.68% and 10.64±0.83% respectively. The optimum MPO inhibitory 

capacity of NISE were at 80 μg/ml concentration (7.85±1.71%). 

 

 

 

 

  

Figure 17: Effect of 
NILE, NISE and 
NIRE on the 
respiratory burst 
activity of murine 
peritoneal exudate 
macrophages. 
NSP>0.05, *P<0.05 
and **P<0.01 Vs 0 
μg/ml group. 

Figure 18: The 
percentage of MPO 
reduction by NILE, 
NISE and NIRE in 
murine peritoneal 
macrophages. 
NSP>0.05, *P<0.05, 
**P<0.01 and 
***P<0.001 Vs 0 
μg/ml group. 
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.4.2. Anti-inflammatory activities 

4.2.1. Inhibition of lipopolysaccharide (LPS) induced nitric oxide (NO) 
The results displayed (Figure 19) that stimulation of murine peritoneal macrophages with 20 

μg/ml LPS increased the NO release, which was gradually down-regulated by increase in the 

dose of N. indicum extracts. At the highest dose (80 μg/ml), significant (P<0.001) NO 

inhibitory activity was demonstrated by all the extracts. The extent of NO in inhibition at 80 

μg/ml in case of NILE, NISE and NIRE were around 0.47 fold, 0.51 fold and 0.61 fold, 

compared to LPS stimulated 0 μg/ml group. 

 

 

 

4.2.2. Inhibition of Con A induced nitric oxide 
NISE demonstrated better Con A induced NO inhibitory activity compared to NILE and 

NIRE (Figure 20). At 0 μg/ml, the level of NO was 251.16±19.79% of control, which was 

inhibited by NILE, NISE and NIRE upto 146.49±13.25%, 138.42±5.77% and 182.16±7.09% 

compared to control. At 80 μg/ml, this accounted for 41.62±4.72%, 44.83±2.05 and 

27.41±2.52% of inhibition of NO by NILE, NISE and NIRE respectively, compared to 0 

μg/ml. 

Figure 19: The 
ability of NILE, 
NISE and NIRE to 
inhibit LPS 
stimulated NO in  
macrophages. 
**P<0.01 and 
***P<0.001 Vs 
control group. δ= 
P>0.05, γ= P<0.05, 
β= P<0.01 and α= 
P<0.001 Vs 0 
μg/ml. 
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Figure 20: The ability of NILE, NISE and NIRE to inhibit Con A (5 μg/ml) stimulated 
NO in murine lymphocytes. (A) Level of NO in terms of % of control and (B) % of 
inhibition of NO. **P<0.01 and ***P<0.001 Vs control group. δ= P>0.05, γ= P<0.05, β= 
P<0.01 and α= P<0.001 Vs 0 μg/ml. 

 

Figure 21: Photomicrograph (40 X) of viable murine splenic lymphocytes visualized 
using Trypan Blue staining. 
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4.2.3. Estimation of cytokines 
The present study demonstrated up-regulation of IFN-γ, IL-2, IL-10  and down-regulation of 

IL-4 and TNF-α by the N. indicum extracts (Figure 22-26). At basal level (control) the amount 

of IL-2, IL-4, IL-10, IFN-γ and TNF-α were 3.71±0.73 pg/ml, 0.41±0.22 pg/ml, 190.33±56.76 

pg/ml, 53.29±5.83 pg/ml and 71.25±14.25 pg/ml, respectively. On stimulation with Con A, 

the cytokine levels were elevated to 11.42±2.31 pg/ml, 4.12±0.13 pg/ml, 2599.33±191.15 

pg/ml, 166.43±21.23 pg/ml and 399.66±16.50 pg/ml respectively. In case of NILE, the level 

of IL-2, IL-4, IL-10, IFN-γ and TNF-α at 80 μg/ml were 39.47±2.70 pg/ml, 1.37±0.15 pg/ml, 

4388.00±295.48 pg/ml, 343.33±11.59 pg/ml and 225.66±11.67 pg/ml, respectively. In case of 

NISE, the level of IL-2, IL-4, IL-10, IFN-γ and TNF-α at the highest dose (80 μg/ml) were 

18.3±3.71 pg/ml, 2.67±0.14 pg/ml, 3378.00±357.78 pg/ml, 275.33±20.59 pg/ml and 

349.33±15.63 pg/ml, respectively. In case of NIRE, the level of IL-2, IL-4, IL-10, IFN-γ and 

TNF-α at 80 μg/ml were 25.49±2.63 pg/ml, 2.37±0.22 pg/ml, 4439.33±56.88 pg/ml, 

220.66±28.14 pg/ml and 327.02±13.45 pg/ml, respectively.  

 

 

Figure 22: The effect of NILE, NISE and NIRE on Con A (5 μg/ml) stimulated IFN-γ 
release in murine lymphocytes. ***P<0.001 Vs control group. δ= P>0.05, γ= P<0.05, β= 
P<0.01 and α= P<0.001 Vs 0 μg/ml. 
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Figure 23: The effect 
of NILE, NISE and 
NIRE on Con A (5 
μg/ml) stimulated IL-2 
release in murine 
lymphocytes. **P<0.01 
and ***P<0.001 Vs 
control group. δ= 
P>0.05, β= P<0.01 and 
α= P<0.001 Vs 0 μg/ml. 

Figure 24: The effect of 
NILE, NISE and NIRE 
on Con A (5 μg/ml) 
stimulated TNF-α release 
in murine lymphocytes. 
***P<0.001 Vs control 
group. δ= P>0.05, γ= 
P<0.05, β= P<0.01 and α= 
P<0.001 Vs 0 μg/ml. 

Figure 25: The 
effect of NILE, 
NISE and NIRE on 
Con A (5 μg/ml) 
stimulated IL-4 
release in murine 
lymphocytes. 
**P<0.01 and 
***P<0.001 Vs 
control group. δ= 
P>0.05, β= P<0.01 
and α= P<0.001 Vs 
0 μg/ml. 
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Figure 26: The effect of NILE, NISE and NIRE on Con A (5 μg/ml) stimulated IL-10 
release in murine lymphocytes. **P<0.01 and ***P<0.001 Vs control group. δ= P>0.05, 
P<0.05, β= P<0.01 and α= P<0.001 Vs 0 μg/ml. 

 

4.2.4. Inhibition of COX activities 
Figure 27-29 demonstrated the effect of NILE, NISE and NIRE on the COX-1, COX-2 and 

total COX activities in murine splenic lymphocytes. In control group,  the activities of COX-

1, COX-2 and total COX were 2.29±0.24 nmol/min/ml (U/ml), 1.84±0.67 U/ml and 

2.57±0.45 U/ml, respectively, which were elevated to 10.46±2.63 U/ml, 12.74±1.00 U/ml and 

23.47±1.59 U/ml, respectively due to stimulation with Con A. This accounted for 4.56 fold, 

6.92 fold and 9.13 fold increase in COX-1, COX-2 and total COX activities respectively. At 

80 μg/ml, the COX-1, COX-2 and total COX activities were 5.10±1.70 U/ml, 4.99±0.27 U/ml 

and 9.75±2.00 U/ml, respectively in case of NILE. At 80 μg/ml of NISE, the activities of 

COX-1, COX-2 and total COX were 8.42±0.74 U/ml, 7.02±0.78 U/ml and 18.14±1.55 U/ml, 

respectively. In case of NIRE, the COX-1, COX-2 and total COX activities were 8.89±0.94 

U/ml, 8.73±0.53 U/ml and 20.16±1.76 U/ml, respectively.  

69 

 



 

 

 

Figure 27: The effect of 
NILE on Con A (5 μg/ml) 
stimulated COX-1, COX-
2 and total COX activities 
in murine lymphocytes. 
*P<0.05, **P<0.01 and 
***P<0.001 Vs control 
group. δ= P>0.05, γ= 
P<0.05, β= P<0.01 and α= 
P<0.001 Vs 0 μg/ml. 

Figure 28: The effect of 
NISE on Con A (5 μg/ml) 
stimulated COX-1, COX-
2 and total COX activities 
in murine lymphocytes. 
**P<0.01 and ***P<0.001 
Vs control group. δ= 
P>0.05, γ= P<0.05, β= 
P<0.01 and α= P<0.001 
Vs 0 μg/ml. 

Figure 29: The effect of NIRE 
on Con A (5 μg/ml) stimulated 
COX-1, COX-2 and total COX 
activities in murine 
lymphocytes. **P<0.01 and 
***P<0.001 Vs control group. 
δ= P>0.05 and β= P<0.01 and 
Vs 0 μg/ml. 
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4.2.5. Prostaglandin E2 level 
NILE demonstrated (Figure 30) highest PGE2 inhibitory activity followed by NIRE and 

NISE. Due to Con A stimulation, the level of PGE2 was increased from control (141.06±14.74 

pg/ml) to 0 μg/ml (649.30±44.60 pg/ml). At the highest dose, the level of PGE2 for NILE, 

NISE and NIRE were 286.06±26.75 pg/ml, 466.43±12.90 pg/ml and 412.36±20.49 pg/ml, 

respectively. 

Figure 30: Demonstrated (A) the effect of NILE, NISE and NIRE on Con A (5 μg/ml) 
stimulated PGE2 level in murine lymphocytes and (B) Percentage of inhibition of PGE2 
level. ***P<0.001 Vs control group. α= P<0.001 and Vs 0 μg/ml. 

 

4.2.6. Delayed-type hypersensitivity (DTH) test 
The result of the DTH test are shown in Figure 31 and 32. Among all the groups, highest and 

lowest increase in paw edema was demonstrated by control and NILE high group, 

respectively (Fig 31). The extent of paw edema formation was around 2.72 fold lower in 

NILE high group compared to control. Among the three extracts, NILE demonstrated 

convincing activity followed by NIRE and then NISE. 
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Figure 31: Photographs of mouse hind foot-pads in Delayed Typer Hypersensitivity 
assay. (A) Control right hind foot-pad; (B) Control left hind foot-pad; (C) NILE low 
right hind foot-pad; (D) NILE low left hind foot-pad; (E) NILE high right hind foot-pad; 
(F) NILE high left hind foot-pad; (G) NISE low right hind foot-pad; (H) NISE low left 
hind foot-pad; (I) NISE high right hind foot-pad; (J) NISE high left hind foot-pad; (K) 
NIRE low right hind foot-pad; (L) NIRE low left hind foot-pad; (M) NIRE high right 
hind foot-pad; (N) NIRE high left hind foot-pad. 
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Figure 32: The effect of NILE, NISE and NIRE on ovalbumin induced Delayed Type 
Hypersensitivity response in mouse foot-pad. *P<0.05, **P<0.01, and ***P<0.001 Vs 
control group. 
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Table 2: Correlation matrix of dose-dependent multivariate analysis of different parameters evaluated under anti-inflammatory 
activities of NILE. 

 NO IFN-γ IL-2 IL-4 IL-10 TNF-α Total 
COX 

COX-1 COX-2 PGE2 

NO -          

IFN-γ -0.988 -         

IL-2 -0.968 0.940 -        

IL-4 0.9543 -0.925 -0.962 -       

IL-10 -0.965 0.962 0.981 -0.918 -      

TNF-α 0.978 -0.979 -0.978 0.964 -0.982 -     

Total COX 0.995 -0.988 -0.948 0.924 0.956 0.961 -    

COX-1 0.965 -0.967 -0.873 0.870 0.888 0.907 0.981 -   

COX-2 0.950 -0.932 -0.857 0.892 -0.840 0.880 0.956 0.981 -  

PGE2 0.786 -0.772 -0.895 0.862 -0.876 0.879 0.741 0.6238 0.601 - 
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Table 3: Correlation matrix of dose-dependent multivariate analysis of different parameters evaluated under anti-inflammatory 
activities of NISE. 

 NO IFN-γ IL-2 IL-4 IL-10 TNF-α Total 
COX 

COX-1 COX-2 PGE2 

NO -          

IFN-γ -0.845 -         

IL-2 -0.545 0.846 -        

IL-4 0.975 -0.931 -0.641 -       

IL-10 -0.717 0.9179 0.9633 -0.785 -      

TNF-α 0.697 -0.336 -0.067 0.591 -0.182 -     

Total COX 0.892 -0.822 -0.505 0.919 0.643 0.548 -    

COX-1 0.687 -0.826 -0.635 0.782 -0.694 0.242 0.898 -   

COX-2 0.727 -0.916 -0.705 0.846 -0.750 0.274 0.869 0.951 -  

PGE2 0.918 -0.910 -0.642 0.953 -0.766 0.576 0.776 0.633 0.769 - 
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Table 4: Correlation matrix of dose-dependent multivariate analysis of different parameters evaluated under anti-inflammatory 
activities of NIRE. 

 NO IFN-γ IL-2 IL-4 IL-10 TNF-α Total 
COX 

COX-1 COX-2 PGE2 

NO -          

IFN-γ - 0.958 -         

IL-2 - 0.934 0.947 -        

IL-4 0.838 -0.948 -0.918 -       

IL-10 - 0.973 0.970 0.921 - 0.89 -      

TNF-α 0.926 - 0.840 - 0.777 0.696 0.934 -     

Total COX 0.934 - 0.884 - 0.803 0.708 0.865 0.844 -    

COX-1 0.966 - 0.992 - 0.922 0.906 0.960 0.851 0.932 -   

COX-2 0.952 - 0.947 -0.867 0.814 0.908 0.832 0.982 0.979 -  

PGE2 0.918 -0.789 - 0.745 0.587 - 0.846 0.928 0.933 0.834 0.879 - 
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4.3. Antioxidant and free radical scavenging activities 

4.3.1. Trolox Equivalent Antioxidant Capacity (TEAC) 
The TEAC value of NILE, NISE, NIRE were 0.316±0.002, 0.396±0.001 and 0.325±0.003 

respectively. The percentage of inhibition of N. indicum extracts and Trolox are shown in 

Figure 33A and 33B, respectively. 

 
Figure 33: Trolox equivalent antioxidant capacity (TEAC). Inhibition of ABTS radical 
cation by (A) Leaf, stem and root extracts of N. indicum and (B) standard Trolox.   

 

4.3.2. DPPH radical scavenging activity 
At 100 μg/mL the percentage of inhibition (Figure 34) for NILE, NISE, NIRE and standard 

ascorbic acid were 33.14±2.35, 64.16±0.37, 38.03±0.74 and 27.93±1.10, respectively with an 

IC50 value of 217.15±18.39 μg/ml, 63.56±1.63 μg/ml,166.18±6.84 μg/ml and 5.29±0.28 

μg/ml, respectively. 

 

Figure 34: DPPH radical 
scavenging activity of 
NILE, NISE, NIRE and 
standard ascorbic acid. 
NSP>0.05 and **P<0.01 Vs 
0 μg/ml group. 
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4.3.3. Hydroxyl radical scavenging activity 
The percentage of inhibition (Figure 35) of hydroxyl radical scavenging for NILE, NISE, 

NIRE and standard mannitol at 200 μg/mL were 79.53±0.60,  55.26±0.36, 42.31±0.64, 

21.89±1.14 with an IC50 value of 29.65±0.21 μg/ml, 118.68±1.11 μg/ml , 208.16±2.70 μg/ml 

and 571.45±20.12 μg/ml respectively. 

 

4.3.4. Superoxide radical scavenging activity 
At 120 μg/mL the percentage of inhibition for NILE, NISE, NIRE and standard quercetin 

(Figure 36) were 31.55±0.50, 30.20±0.85, 33.86±0.69, 50.66±1.01 respectively with an IC50 

value of 224.35±3.45,  268.33±6.04, 170.69±2.41 and 42.06±1.35. 

 

 

Figure 35: Hydroxyl 
radical inhibitory 
activity of NILE, 
NISE, NIRE and 
standard mannitol. 
*P<0.05 and ***P 
<0.001 Vs 0 μg/ml 
group. 

Figure 36: Superoxide 
radical inhibitory 
activity of NILE, 
NISE, NIRE and 
standard quercetin. 
NSP>0.05, **P<0.01, 
***P<0.001 Vs 0 
μg/ml group. 
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4.3.5. Nitric oxide scavenging activity 
The percentage of inhibition of NO scavenging for NILE, NISE, NIRE and standard curcumin 

(Figure 37) at 70 μg/mL were 51.59±1.56, 75.47±2.60, 47.51±0.57, 43.91±2.46. The IC50 

value of NILE, NISE, NIRE and curcumin were 46.56±3.42 μg/ml,  23.56±1.16 μg/ml,  

62.43±4.55 μg/ml and 90.82±4.75 μg/ml, respectively. 

 

 

4.3.6. Hydrogen peroxide scavenging activity 
At 2 mg/mL the percentage of inhibition for NILE, NISE, NIRE and standard sodium 

pyruvate (Figure 38) were 6.02±0.35, 4.64±1.51, 4.51±0.78, 57.57±1.62 respectively with an 

IC50 value 40.42±4.40, 39.87±5.67, 37.05±2.99, 3.24±0.30. 

 

Figure 37: Nitric 
oxide inhibitory 
activity of NILE, 
NISE, NIRE and 
standard 
Curcumin. **P 
<0.01 and ***P 
<0.001 Vs 0 μg/ml 
group. 

Figure 38: Hydrogen 
peroxide scavenging 
activity of NILE, 
NISE, NIRE and 
standard sodium 
pyruvate. NSP>0.05, 
*P<0.05, **P<0.01, 
***P<0.001 Vs 0 
mg/ml group. 
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4.3.7. Peroxynitrite scavenging activity 
The percentage of inhibition of NO scavenging for NILE, NISE, NIRE and standard gallic 

acid (Figure 39) at 200 μg/mL were 10.26±0.63, 8.61±0.62, 8.88±0.61, 15.44±0.57 

respectively with an IC50 value of 1672.80±56.68, 2172.26±133.97, 1869.97±122.30, 

876.24±56.96. 

 

Figure 39: Peroxynitrite anion scavenging activity of NILE, NISE, NIRE and standard 
gallic acid. ***P<0.001 Vs 0 μg/ml group. 

4.3.8. Singlet oxygen scavenging activity 
At 200 μg/mL the percentage of inhibition for NILE, NISE, NIRE and standard lipoic acid 

(Figure 40) were 37.74±0.31, 38.81±0.20, 38.22±0.12, 75.38±0.37. The IC50 value were 

365.76±5.52, 391.55±7.53, 275.08±7.5, 46.15±1.16. 

 

Figure 40: Singlet 
oxygen scavenging 
activity of NILE, 
NISE, NIRE and 
standard lipoic 
acid. ***P<0.001 
Vs 0 μg/ml group. 
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4.3.9. Hypochlorous acid scavenging activity 
The percentage of inhibition of NO scavenging for NILE, NISE, NIRE and standard ascorbic 

acid (Figure 41) at 100 μg/mL were 41.10±0.30, 39.03±1.23, 37.67±0.52, 35.46±1.61. The 

IC50 value were 124.74±1.91, 162.25±10.31, 267.63±3.60, 235.96±5.75. 

 

4.3.10. Iron chelating activity 
At 120 μg/mL the percentage of Fe2+ -ferrozine complex for NILE, NISE, NIRE were 

61.09±0.73, 83.94±1.50, 83.22±1.13 (Figure 42). The percentage of Fe2+ -ferrozine complex 

for standard EDTA was 0.49±0.20. The IC50 value were 216.70±9.82, 659.95±48.64, 

698.38±39.00, 1.27±0.05. 

 

Figure 42: Iron chelation activity of (A) NILE, NISE, NIRE and (B) standard EDTA. 
NSP>0.05, **P<0.01, ***P<0.001 Vs 0 μg/ml group. 

Figure 41: Hypochlorous 
acid scavenging activity 
of NILE, NISE, NIRE 
and standard ascorbic 
acid. NSP>0.05, **P<0.01, 
***P<0.001 Vs 0 μg/ml 
group. 
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4.3.11. Reducing power assay 
Increase in absorbance value at 700 nm denotes higher reducing power (Figure 43). At 1 

mg/ml, the absorbance value of NILE, NISE, NIRE and standard ascorbic acid were 0.45± 

0.00, 0.52±0.00, 0.85±0.00 and 0.46±0.01. 

 

Figure 43: Total reducing power of NILE, NISE, NIRE and standard butylated 
hydroxytoluene (BHT). ***P<0.001 Vs 0 mg/ml group. 

4.3.12. Inhibition of lipid peroxidation activity 
The percentage of inhibition of lipid peroxidation for NILE, NISE, NIRE and standard trolox 

(Figure 44) were 19.49±1.01, 12.07±1.45, 20.81±2.53, 78.87±0.16. The IC50 value were 

113.77±8.89, 199.17±33.51,  110.03±12.75, 6.76±0.17 μg/ml. 

 

Figure 44: Inhibition of lipid peroxidation by NILE, NISE, NIRE and standard Trolox. 
*P<0.05, **P<0.01, ***P<0.001 Vs 0 μg/ml group. 
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4.3.13. Total phenolic and flavonoid content 
The total phenolic content of NILE, NISE, NIRE were 72.62±.08 mg/ml, 81.54±0.05 mg/ml 

and 87.38±0.16 mg/ml gallic acid equivalent per 100 mg plant extract respectively. 

The total flavonoid content of the 70% methanolic extract of NILE, NISE, NIRE were 

93.06±0.03 mg/ml, 67.4±.06 mg/ml and 64.08±.002 mg/ml quercetin equivalent per 100 mg 

plant extract respectively. 

 

Table 5: Scavenging of reactive oxygen species, iron chelating and lipid peroxidation 
inhibition activity (IC50 values) of NILE, NISE, NIRE and respective standards. 

 
 NILE# NISE# NIRE#  Standard# 

DPPH 217.15±18.39 
NS 

63.56±1.63 *** 166.18±6.84 

*** 

5.29±0.28 (Ascorbic acid) 

Hydroxyl radical 29.65±0.21  

*** 

118.68±1.11 *** 208.16±6.70 

*** 

571.45±20.12 (Mannitol) 

Superoxide 224.35±3.45 

*** 

268.33±6.04 *** 170.69±2.41 

*** 

42.06±1.35 (Quercetin) 

Nitric oxide 46.56±3.42 

*** 

23.56±1.16 *** 62.43±4.55 *** 90.82±4.75 (Curcumin) 

Hydrogen peroxide 40.42±4.40 

*** 

39.87±5.67 *** 37.05±2.99 *** 3.24±0.30 (Sodium pyruvate) 

Peroxynitrite  1672.80±56.68 

*** 

2172.26±133.97 

*** 

1869.97±122.30 

*** 

876.24±56.96 (Gallic acid) 

Singlet oxygen  365.76±5.52 

*** 

391.55±7.53 *** 275.08±7.5 *** 46.15±1.16 (Lipoic acid) 

Hypochlorous acid 124.74±1.91 

*** 

162.25± 10.31 

*** 

267.63±3.60 

*** 

235.96±5.75 (Ascorbic acid) 

Iron chelating  216.70±9.82 

*** 

659.95±48.64 * 698.38±39.00 * 1.27±0.05 (EDTA) 

Lipid peroxidation  113.77±8.89 

** 

199.17±33.51 * 110.03±12.75 

** 

6.76±0.17 (Trolox) 

# Units of  IC50 for all activities are µg/ml, except H2O2 scavenging assay, where the unit is 
mg/ml. Data expressed as mean±SD of six replications. NSP>0.05, *P<0.05, **P<0.01 and 
***P<0.001 Vs respective standards. 
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4.4. Hepatoprotective activities 

4.4.1. Body and liver weight 
Table 6 displays the effect of NILE, NISE and NIRE treatment on the body and liver weight 

of the experimental animals. Among all the groups, after the treatment, body weight loss was 

evident only in the case of CCl4 group which was highly significant (P<0.001). Thus, the 

percentage body weight change in the CCl4 group was the highest (17.07±2.56% decrease). 

Similarly, the relative liver weight of the CCl4 group was (32.53±3.03 g) higher than other 

groups.  

Table 6: Summarizes the changes in total body weight and liver weight in the 
experimental animals under hepatoprotective evaluation.  

 Initial body 
weight (g) 

Final body 
weight (g) 

% body 
weight change  

Liver weight 
(g) 

Relative 
liver weight 

Control 22.17±0.70 24.23±0.99 * 9.26±1.18 ▲ 4.37±0.21  18.04±0.13 

CCl4 21.10±0.34 17.49±0.27 *** 17.07±2.56 ▼ 5.32±0.18 ** 32.53±3.03 

Silymarin 21.64±0.19 23.43±0.25 *** 8.29±1.39 ▲ 4.30±0.09 NS 18.37±0.22 

NILE low 21.12±0.48 22.54±0.14 ** 6.76±2.99 ▲ 5.80±1.66 NS 21.29±0.21 

NILE high 22.16±0.59 22.74±0.23 NS 3.37±2.24 ▲ 4.57±0.04 NS 20.11±0.27 

NISE low 21.71±0.49 22.36±0.67 NS 3.96±3.90▲ 4.59±0.16 NS 20.56±1.36 

NISE high 22.25±0.38 22.67±0.18 NS 1.89±2.38 ▲ 4.55±0.29 NS 20.05±1.18 

NIRE low 22.14±0.38 22.59±0.21 NS 2.25±2.02 ▲ 4.41±0.16 NS 19.50±0.58 

NIRE high 22.20±0.57 22.33±0.46 NS 1.48±0.26 ▲ 4.24±0.10 NS 19.00±0.52 

NSP>0.05, *P<0.05, **P<0.01 and ***P<0.001. Final body weight was compared with initial 
body weight of corresponding group and liver weight of treated groups were compared with 
liver weight of control group. ▲ represents increase and ▼ represents decrease. 

4.4.2. Liver marker enzymes and biochemical parameters (in vivo) 
The effect of NILE, NISE and NIRE on different biochemical and enzymatic parameters of 

the CCl4 treated mice are enlisted in Table 7. Due to CCl4 treatment, all the parameters except 

protein and albumin levels were increased significantly compared to control. The increase of 

ACP, ALP, AST, ALT, GGT, glucose, globulin, bilirubin, urea, LDH and cholesterol were 

3.03 fold, 2.61 fold, 2.08 fold, 2.96 fold, 2.41 fold, 1.50 fold, 1.05 fold, 2.80 fold, 5.43 fold, 

2.40 fold and 1.70 fold respectively.  
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Table 7: Describes the levels of various enzymatic and biochemical parameters of the serum of five treated groups (in vivo experiments).  

 Control CCl4 Silymarin NILE low NILE high NISE low NISE high NIRE low NIRE high 
ACP (K.A.) 3.61±0.31 10.94±1.04 

*** 
5.76±0.43 **b 8.64±0.70 

***c 
7.62±0.61 *** 

b 
10.01 ± 

0.61 *** d 
8.75± 

0.44 *** c 
9.64± 

0.31 *** d 
8.55± 

0.32 *** c 
ALP (K.A.) 10.86±1.29 28.44±1.25 

*** 
12.93±0.80 NS 

a 
22.05±0.91 

*** b 
14.13±0.46 * a 24.92± 

2.27 *** d 
22.21±2.45 

** a 
24.56± 

0.95 *** c 
22.10± 

1.45 *** b 
AST (U/ml) 65.88±3.74 137.28±2.9

5 *** 
74.01±0.16 NS 

a 
120.39±3.62 

*** b 
79.55±3.73 * a 121.27± 

2.89 *** a 
99.19± 

5.48 *** b 
117.93± 

6.30 *** b 
110.25  ± 
5.00 *** b 

ALT (U/ml) 42.63±1.4 126.26±4.8
8 *** 

53.81±3.15 ** 
a 

94.90±2.92 
***  a 

65.04±2.83 
***  a 

109.27± 
4.21 *** c 

81.27± 
7.66 ** d 

119.23± 
6.40 *** d 

95.94± 
10.39 *** c  

GGT (U/l) 2.51±0.36 6.06±0.23 
*** 

3.35±0.12 * a 5.16±0.12 
***b 

3.25±0.19 * a 5.48± 
0.33 *** d 

4.9  ± 
0.36 ** c 

5.5± 
0.25 *** c 

4.48± 
0.24 ** b 

Glucose 
(mg/dl) 

53.53±1.28 80.38±1.55 
*** 

55.23±3.48 NS 

a 
73.27±2.88**

* c 
56.87±2.73 NS 

a 
76.40± 

4.71 ** d 
63.39 ± 

1.42 *** a 
74.96± 

2.95 *** c 
65.86± 

3.43 ** b 
Protein 
(g/dl) 

4.77±0.29 3.10±0.23 
** 

4.94±0.05 NS a 3.82±0.21 * c 4.39±0.07 NS a 3.29± 
0.21 ** d 

4.19± 
0.24 NS b 

3.62± 
0.13 ** c 

3.88± 
0.07 ** b 

Albumin 
(g/dl) 

3.18±0.07 1.42±0.13 
*** 

2.86±0.17 * a 1.99±0.03 *** 
b 

2.55±0.08 *** 
a 

1.53± 
0.27 *** d 

1.96± 
0.22 *** a 

1.55± 
0.09 *** NS 

1.71± 
0.26 *** NS 

Globulin 
(g/dl) 

1.59±0.30 1.68±0.12 
NS 

2.11±0.17 NS c 1.82±0.20 NS d 1.84±0.15 NS d 1.76± 
0.28 NS d 

2.23± 
0.03 * b 

2.06± 
0.12 NS c 

2.17± 
0.20 NS c 

Bilirubin 
(mg/dl) 

0.41±0.03 1.15±0.04 
*** 

0.51±0.02 * a 0.86±0.02 *** 
a 

0.61±0.02 ** a 1.01± 
0.03 *** b 

0.91± 
0.06 *** b 

1.11± 
0.07 *** d 

1.01± 
0.02 *** b 

Urea 
(mg/dl) 

20.58±2.39 111.84±3.5
4 *** 

35.25±6.78 * a 86.82±3.32 
***  a 

41.49±4.47 **  
a 

106.83± 
3.23 *** d 

75.67±5.59 
*** a 

89.96± 
3.77 *** b 

67.71± 
7.43 *** a 

Urea N2 
(mg/dl) 

9.60±1.12 52.22±1.65 
*** 

16.46±3.17 * a 40.53±1.54 
***  a 

19.37±2.09 **  
a 

49.88± 
1.51 *** d 

35.33± 
2.61 *** a 

42.01±1.76 
*** b 

31.61± 
3.46 *** a 

LDH (U/l) 219.16±7.19 526.97±7.9
7 *** 

288.44±10.99 
*** a 

462.76±12.28 
*** b 

279.81±6.74 
*** a 

511.31± 
6.73 *** d 

433.8±17.47 
*** b 

495.13± 
12.21 *** c 

472.24± 
12.07 *** b 

Cholesterol 
(mg/dl) 

78.86±3.49 134.52±0.7
8 *** 

105.62±3.36 
*** a 

121.42±4.44 
*** c 

111.27±2.92 
*** b 

122.00± 
5.39 *** a 

122.00± 
5.39 *** b 

124.96± 
5.38 *** d 

113.48± 
6.80 ** b 

NSp= non-significant (p>0.05), *p<0.05, **p<0.01 and ***p<0.001 vs control. dp= non-significant (p>0.05), cp<0.05, bp<0.01 and ap<0.001 vs CCl4 group. 
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4.4.3. Hepatic catalase activity 
Figure 45 demonstrates the effect of NILE, NISE and NIRE treatment on the hepatic catalase 

activity in the CCl4 treated animals. In the untreated control group, the catalase activity was 

6.83±0.34 μM H2O2 consumed/min/mg tissue (U/l), which was significantly (P<0.001) 

lowered to 3.58±0.13 U/l due to CCl4 treatment. Among all the groups, only silymarin and 

NILE low groups demonstrated significant (P<0.001) increase in the catalase activity 

compared to CCl4 group. The catalase activity of silymarin, NILE low, NILE high, NISE low, 

NISE high, NIRE low and NIRE high groups were 5.68±0.27 U/l, 4.54±0.21 U/l, 5.46±0.27 

U/l, 4.00±0.34 U/l, 4.56±0.20 U/l, 4.00 ±0.24 U/l and 4.52±0.31 U/l. This resulted in 1.58 

fold, 1.2 fold, 1.52 fold, 1.1 fold, 1.27 fold, 1.11 fold and 1.26 fold increase in catalase 

activity compared to CCl4 group. 

 

 

4.4.4. Hepatic peroxidase activity 
The effect of NILE, NISE and NIRE treatment on the hepatic peroxidase activity in the CCl4 

treated animals are demonstrated in Figure 46. In control, the peroxidase level was 

12.99±1.12 U/mg. This was significantly decreased (P<0.001) to 6.32±0.48 U/mg in the CCl4 

treated group, resulting in 0.48 fold decrease in peroxidase activity. The catalase activity of 

silymarin, NILE low, NILE high, NISE low, NISE high, NIRE low and NIRE high groups 

were 9.24±0.45 U/mg, 6.55±0.36 U/mg, 7.68±0.60 U/mg, 6.65±0.35 U/mg, 7.47±0.26 U/mg, 

7.35±0.06 U/mg, 7.76±0.22 U/mg and 7.76±0.22 U/mg respectively. This resulted in 1.46 

Figure 45: The 
liver catalase 
activity in 
different 
experimental 
groups. *p<0.05, 
**p<0.01 and 
***p<0.001 Vs 
control group. 
δ=p>0.05, 
β=p<0.01 and 
α=p<0.001 Vs 
CCl4 group. 
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fold, 1.03 fold, 1.21 fold, 1.05 fold, 1.18 fold, 1.16 fold and 1.22 fold increase in hepatic 

peroxidase activity compared to CCl4 group. 

 

 

Figure 46: The liver peroxidase activity in different experimental groups. **p<0.01 and 
***p<0.001 Vs control group. δ=p>0.05, γ=p<0.05 and β=p<0.01 Vs CCl4 group. 

 

4.4.5. Liver marker enzymes and biochemical parameters (in vitro) 
The levels of different hepatic biochemical and enzymatic parameters in the in vitro liver 

cultures are demonstrated in Table 8. Except protein level, all the parameters were increased 

due to CCl4 toxicity. The increase of ACP, ALP, AST, ALT, GGT, bilirubin and LDH were 

2.45 fold, 2.43 fold, 2.99 fold, 4.74 fold, 1.3 fold, 4.07 fold and 5.04 fold respectively. 

Normalization of the parameters were seen after treatment with the extracts.
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Table 8: The levels of various enzymatic and biochemical parameters of culture supernatants of the five groups (in vitro experiments).  

Parameters 

(unit) 

Control CCl4 Silymarin NILE low NILE high NISE low NISE high NIRE low NIRE high 

ACP (K.A.) 0.71±0.10 1.74±0.11*** 1.17±0.16* b 1.47±0.11** c 1.16±0.07** b 1.58±0.12*** 
d 

1.48±0.08**

* c 

1.61±0.15** 
d 

1.40±0.16** c 

ALP (K.A.) 3.09±0.11 7.51±0.33*** 4.13±0.25** a 6.10±0.19*** 
b 

4.69±0.30** a 6.79 ± 

0.24*** c 

5.91± 

0.27*** b 

6.99±0.37**

* d 

6.09±0.50*** c 

AST (U/ml) 14.87±0.72 44.49±0.75*** 16.39±1.41NS a 31.07±0.96**

* a 

19.11±0.95** 
a 

43.86±2.60**

* d 

36.32±1.21*

** a 

38.06±3.76*

** c 

29.53±3.22** b 

ALT (U/ml) 5.81±0.15 27.55±0.52*** 10.57±0.29*** a 21.53±0.44**

* a 

12.41±0.22**

* a 

26.33±1.29**

* d 

22.17±2.40*

** c 

24.47±1.82*

** c 

20.77±1.63*** b 

GGT (U/l) 0.59±0.04 0.78±0.02** 0.58±0.01NS a 0.74±0.01** d 0.68±0.02* c 0.77±0.01** d 0.71±0.03* d 0.74±0.00** 
d 

0.72±0.01** c 

Bilirubin 

(mg/dl) 

0.13±0.00 0.53±0.05*** 0.17±0.00** a 0.47±0.05*** 
d 

0.31±0.05** b 0.56±0.14** b  0.40±0.02**

* b 

0.465±0.02*

** d 

0.43±0.02** d 

Protein (g/dl) 6.48±0.75 5.3±0.26NS 5.7±0.42 NS d 6.41±0.41NS b 6.61±0.33 NS b 5.61±0.23 NS d 6.05±0.15 NS 

c 

5.77±0.12NS 

c 

6.02±0.21NS c 

LDH (U/L) 35.94±29.66 181.33±11.24** 94.16±7.34* a 137.34±11.34

** b 

106.04±5.67* 
a 

138.59±14.05

** c 

105.00±10.0

2* a 

144.40±11.4

9** c 

114.87±10.53* b 

NSp= non-significant (p>0.05), *p<0.05, **p<0.01 and ***p<0.001 vs control. dp= non-significant (p>0.05), cp<0.05, bp<0.01 and ap<0.001 vs 

CCl4 group. 
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4.4.6. Lipid peroxidation 
The effect of NILE, NISE and NIRE treatment on the serum MDA content is demonstrated in 

Figure 47. In the control group, the serum MDA content was 2.73±0.06 μM/l, which was 

elevated to 5.49±0.18 μM/l due to CCl4 toxicity. This accounted for 2.03 fold increase in 

serum MDA level. Even though the MDA content was decrease in all the treated groups, but 

most significant (P<0.001) decrease was seen in the silymarin, NILE low and NILE high 

groups. The level of serum MDA content in silymarin, NILE low, NILE high, NISE low, 

NISE high, NIRE low and NIRE high groups were 2.99±0.13 μM/l, 4.21±0.16 μM/l, 

3.12±0.04 μM/l, 5.03±0.28 μM/l, 4.35±0.20 μM/l, 4.60±0.26 μM/l and 4.33±0.15 μM/l 

respectively. This accounted for 0.54 fold, 0.76 fold, 0.56 fold, 0.91 fold, 0.79 fold, 0.83 fold 

and 0.78 fold decrease in serum MDA level. 

 

4.4.7. MTT cell viability assay 
Figure 48 demonstrates the effect of direct hepatotoxicity of CCl4 by necrotic cell death and 

its amelioration by NILE, NISE and NIRE treatment, assayed using MTT assay. The cell 

viability is expressed as percentage of control. Due to CCl4 toxicity, the cell viability was 

decreased up to 38.08±3.53% compared to control. The level of cell viability of silymarin, 

NILE low, NILE high, NISE low, NISE high, NIRE low and NIRE high groups were 

78.81±2.96%, 60.42±2.38%, 73.65±4.10%, 46.43±3.16%, 56.10±2.45%, 49.08±1.39% and 

57.73±1.86% compared to control. This accounted for 2.06 fold, 1.58 fold, 1.93 fold, 1.21 

fold, 1.47 fold, 1.28 fold and 1.51 fold increase in cell viability compared to CCl4 group. 

Figure 47: The 
serum 
malondialdehyde 
(MDA) content 
in different 
experimental 
groups. *p<0.05, 
**p<0.01 and 
***p<0.001 Vs 
control group. 
δ=p>0.05, 
β=p<0.01 and 
α=p<0.001 Vs 
CCl4 group. 
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4.4.8. Tumor necrosis factor alpha (TNF-α) level 
The consequence of NILE, NISE and NIRE treatment on the level of TNF-α in the CCl4 

treated cultured hepatic cells are demonstrated in Figure 49. Due to CCl4 toxicity, the level of 

TNF-α was increased from 58.00±20.22 pg/ml at control to 1075.66±61.53 pg/ml in CCl4 

group. This demonstrated 15.56 fold increase in TNF-α level compared to control. The TNF-α 

level in silymarin, NILE low, NILE high, NISE low, NISE high, NIRE low and NIRE high 

groups were 611.00±51.21 pg/ml, 181.66±17.09 pg/ml, 157.33±16.25 pg/ml, 490.00±20.00 

pg/ml, 308.33±17.55 pg/ml, 662.00±29.86 pg/ml and 413.00±42.22 pg/ml respectively. This 

resulted in respectively 0.56 fold, 0.16 fold, 0.14 fold, 0.45 fold, 0.28 fold, 0.61 fold and 0.38 

fold decrease in TNF-α level compared to CCl4 group. 

 

Figure 48: The 
amount of 
viable cells in 
different 
experimental 
groups. 
***p<0.001 Vs 
control group. 
γ=p<0.05, 
β=p<0.01 and 
α=p<0.001 Vs 
CCl4 group. 

Figure 49: The 
tumor necrosis 
factor-alpha 
(TNF-α) content 
in different 
experimental 
groups. **p<0.01 
and ***p<0.001 
Vs control group. 
α=p<0.001 Vs 
CCl4 group. 
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4.4.9. Measurement of nitric oxide (NO) level 
Figure 50 displays the effect of NILE, NISE and NIRE on the nitric oxide level in the CCl4 

treated cultured hepatic cells. The NO level is represented as percentage of control. The NO 

level was elevated to 322.22±9.68% due to CCl4 toxicity, which was significantly (P<0.001) 

normalized due to NILE, NISE and NIRE treatment. The NO level in silymarin, NILE low, 

NILE high, NISE low, NISE high, NIRE low and NIRE high groups were 111.88±8.60%, 

106.45±6.27%, 62.14±9.49%, 175.06±5.23%, 142.89±8.72%, 218.73±4.90% and 

161.24±7.39% respectively. This resulted in 0.34 fold, 0.33 fold, 0.19 fold, 0.54 fold, 0.44 

fold, 0.67 fold and 0.50 fold decrease in NO level compared to CCl4 group. 

 

4.4.10. Histopathological examination 
The histopathological scores of the nine experimental groups are enlisted in table 9 and 

photomicrographs of liver sections are presented as Figure 51-59. Well maintained 

hepatocellular integrity, healthy cellular architecture, clear cytoplasm with prominent nucleus 

in control were clearly visualized by the haematoxylin-eosin staining. Normal hepatocellular 

architecture were severely damaged in the CCl4 group. Scattered pale intrahepatic regions 

were attributed to the necrotic and fatty degenerative damages. Extensive hepatocellular 

necrosis was visible in the animals treated with CCl4 alone, which was down regulated by the 

administration of silymarin and NILE. Repair of hepatocellular fibrosis was evident in NILE 

treated groups. CCl4 intoxication caused extensive leukocyte infiltrations and loss of hepatic 

nodular structures, which was ameliorated by NILE treatment. In general, NILE remarkably 

protected the hepatic architecture from CCl4 toxicity with an cumulative score of 11.  

Figure 50: The 
amount of nitric oxide 
(NO) release in 
different experimental 
groups. NSp>0.05, 
**p<0.01 and 
***p<0.001 Vs control 
group. α=p<0.001 Vs 
CCl4 group. 
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Table 9: Describes the effect of N. indicum extracts on the liver histology parameters of 
the CCl4 induced injured liver.  

Parameters  
Studied 

Control CCl4 Silymarin NILE 
low 

NILE 
high 

NISE 
low 

NISE 
high 

NIRE 
low 

NIRE 
high 

Hepatocellular 
necrosis 

0 5 2 4 2 4 3 5 2 

Bile duct 
proliferation 

0 2 0 1 1 1 1 0 0 

Sinusoidal 
dilatation 

0 1 0 1 0 0 0 1 0 

Inflammation 
(leukocyte 
infiltration) 

1 6 2 4 3 5 5 4 4 

Vascular 
congestion 

0 3 1 3 2 3 3 4 3 

Loss of 
structure of 
hepatic nodules 

0 4 2 3 2 4 4 4 2 

Hepatocellular 
fibrosis 

0 2 0 1 1 2 1 2 2 

Fatty 
infiltration 

0 1 0 0 0 1 1 0 1 

Vacuolar 
degeneration 

0 2 0 1 0 0 1 0 0 

Calcification 0 2 1 1 0 1 0 0 0 
Cumulative 
Score 

1 28 8 22 11 21 19 20 14 

 

   

Figure 51: Photomicrographs of the histopathological examination of livers samples of 
control group. Control liver demonstrated normal liver architecture with intact nucleus 
(IN), portal veil (PV) and normal sinusoids (NS). 
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Figure 52: Photomicrographs of the histopathological examination of livers samples of CCl4  
group. CCl4 group liver demonstrated highly deformed liver architecture with prominent 
fibrosis (F) around congested central vein (CV), dilated sinusoids (SD), vascular congestion 
(VC), signs of necrosis (N) in hepatocytes; fatty lesion due to intensive fatty infiltration (FI) and 
dark plaques of calcification (CP), bile duct proliferation (BdP) and vacuolar degeneration (VD). 

   

Figure 53: Photomicrographs of the histopathological examination of livers samples of 
Silymarin group. Silymarin group demonstrated improved hepatocellular architecture with 
normal sinusoids (NS), intact nucleus (IN), portal vein (PV) and minimal leukocyte infiltration 
(LI). 
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Figure 54: Photomicrographs of the histopathological examination of livers samples of 
NILE low group. NILE low group was marked with fibrotic bridge (F), dilated sinusoids 
(SD), leukocyte infiltration (LI) and signs of necrosis (N), however, numerous 
hepatocytes with intact nucleus (IN) were detected and the signs of liver damage were 
lower compared to CCl4 group. 

 

 

Figure 55: Photomicrographs of the histopathological examination of livers samples of 
NILE high group. NILE high group demonstrated improved liver architecture with 
normal sinusoids (NS), intact nucleus (IN), leukocyte infiltration (LI) and vascular 
congestion (VC). Necrotic cell count were very less and most of the cells possessed intact 
nucleus (IN) and the liver architecture were well-preserved and signs of damage were 
less than CCl4 group. 
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Figure 56: Photomicrographs of the histopathological examination of livers samples of 
NISE low  group. Demonstrates scattered and low-integrated cells with signs of fibrosis 
(F), necrosis (N), sinusoidal dilation (SD), vascular congestion (VC) and leukocyte 
infiltration (LI). Some normal hepatocytes with prominent intact nucleus (IN) were also 
found. 

 

 

Figure 57: Photomicrographs of the histopathological examination of livers samples of 
NISE high  group. Demonstrates vascular congestion (VC), necrosis (N), fibrosis (F), 
sinusoidal dilation (SD), bile duct proliferation (BdP) along with some hepatocytes with 
intact nucleus (IN). 
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Figure 58: Photomicrographs of the histopathological examination of livers samples of 
NIRE low group. Demonstrates sinusoidal dilation (SD), necrosis (N), dark plaques of 
calcification (CP) and some intact nucleus (IN)bearing normal hepatocytes. 

 

 

 

Figure 59: Photomicrographs of the histopathological examination of livers samples of 
NIRE high group. Demonstrates hepatic regions with sinusoidal dilation (SD) and signs 
of necrosis (N). Scattered hepatocytes with intact nucleus (IN) were also seen. 
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4.5. Anti-diabetic activities 

4.5.1. Alpha amylase inhibitory activity 
Figure 60 demonstrates the α-amylase inhibitory activity of different extracts of N. indicum. 

At the highest dose (200 μg/ml) the extent of α-amylase inhibition for NILE, NISE and NIRE 

were 22.63±1.69%, 13.94±1.68% and 17.36±1.66%, respectively. The IC50 value for NILE, 

NISE and NIRE were 703.01±56.47 μg/ml, 1402.07±232.15 μg/ml and 899.22±84.11 μg/ml, 

respectively. 

 

Figure 60: Demonstrates the α-amylase inhibitory activity of NILE, NISE and NIRE 
represented as percentage of inhibition. ***P<0.001 Vs 0 μg/ml group. 

4.5.2. Body weight 
The changes of body weight were measured on day 1, day 10 and day 20 during the 20 days 

of treatment. The results are summarized in table 10. Among all the groups only T1D 

(P<0.01) and NIRE high group (P<0.05) demonstrated significant increase in body weight on 

day 2 compared to day 1. The increase in body weight were 1.10 fold, 1.20 fold, 1.09 fold, 

1.12 fold, 1.10 fold, 1.10 fold, 1.06 fold, 1.09 fold and 1.14 fold respectively, for all the 

groups. 
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Table 10: Summarizes the body weight of anti-diabetic experimental animals on three 
different intervals during anti-diabetic evaluation. 

 Day 1 Day 10 Day 20 

Control 24.53±1.64  25.94±1.37 NS 27.06±1.35 NS 

T1D 26.92±0.89 28.32±3.04 NS 32.48±1.46 ** 

Glibenclamide 28.06±3.02 29.22±2.03 NS 30.66±2.72 NS 

NILE low 27.67±2.61 28.57±2.64 NS 31.13±1.67 NS 

NILE high 27.81±2.74 29.41±2.34 NS 30.77±1.17 NS 

NISE low 28.09±2.20 28.62±0.62 NS 30.98±2.11 NS 

NISE high 28.20±1.71 29.77±1.08 NS 30.03±3.35 NS 

NIRE low 28.02±1.40 29.59±0.94 NS 30.70±2.17 NS 

NIRE high 25.73±0.83 28.50±1.61 NS 30.01±1.78 NS 
               NSP>0.05 and **P<0.01 Vs 0 μg/ml group. 

4.5.3. Blood glucose level 
Blood glucose was measured (Figure 61) from the tail vein on day 1, 10 and 20 of the 

treatment. The type 1 diabetes (T1D) group demonstrated 263.66±8.02 mg/dl glucose which 

was lowered to 245.00±3.00 mg/dl on day 20. This accounted for a mere 7.07% decrease in 

glucose level compared to day 1 of the respective group. The glucose levels were significantly 

(P<0.001) decreased from day 1 to day 20 for all other groups except control and T1D groups. 

On day 1, the blood glucose level of glibenclamide, NILE low NILE high, NISE low, NISE 

high, NIRE low and NIRE high groups were 259.66±6.11 mg/dl, 258.66±3.51 mg/dl, 

255.66±1.52 mg/dl, 256.66±1.52 mg/dl, 260.00±3.60 mg/dl, 259.66±2.88 mg/dl and 

262.66±3.51 mg/dl respectively, which were down-regulated on day 20 up to 85.33±8.32 

mg/dl, 85.00±11.23 mg/dl, 67±6.24 mg/dl, 133.66±9.01 mg/dl, 117±8.00 mg/dl, 

108.33±15.50 mg/dl and 86.66±9.07 mg/dl respectively. The percentage of blood glucose 

lowering capacity were calculated to be 67.13%, 73.79% 47.92%, 55%, 58.2% and 67%, 

respectively for NILE low NILE high, NISE low, NISE high, NIRE low and NIRE high 

groups.  
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4.5.4. Measurement of lipid peroxidation 
Figure 62 displays the extent of lipid peroxidation in terms of MDA content in different 

groups. The level of serum MDA was significantly (P<0.001) increased due to induction of 

diabetes. In control, the level of MDA was 2.73±0.06 μM/litre, which was elevated to 

3.88±0.24 μM/litre in T1D group. Due to 20 consecutive days of treatment, the extent of lipid 

peroxidation was decreased dramatically. The level of MDA for glibenclamide, NILE low, 

NILE high, NISE low, NISE high, NIRE low and NIRE high groups were 2.86±0.24 μM/litre, 

3.35±0.39 μM/litre, 2.69±0.20 μM/litre, 3.51±0.07 μM/litre, 3.23±0.19 μM/litre, 3.42±0.24 

μM/litre and 3.17±0.09 μM/litre, respectively.  

 

Figure 61: 
Demonstrates the 
change of blood 
glucose level in 
the experimental 
animals on day 1, 
day 10 and day 20 
of the experiment. 
NSP>0.05, *P<0.05 
and ***P<0.001 
Vs day 1 of 
corresponding 
group. 

Figure 62: 
Demonstrates the 
serum MDA levels 
in different 
experimental 
groups. *P<0.05, 
**P<0.01 and 
***P<0.001 Vs 
Control. γ= 
P>0.05, δ=P<0.05 
and β=P<0.01 Vs 
T1D. 
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4.5.5. Estimation of hepatic glycogen level 
The effect of 20 days treatment with NILE, NISE and NIRE on the hepatic glycogen levels of 

the diabetic mice is illustrated in Figure 63. The amount of hepatic glycogen in control group 

was 121.33±6.65 mg/g, which was significantly lowered to 52.00±4.35 mg/g in T1D group. 

The level of hepatic glycogen in glibenclamide, NILE low, NILE high, NISE low, NISE high, 

NIRE low and NIRE high groups were 73.00±4.35 mg/g, 65.33±2.51 mg/g, 77.00±6.55 mg/g, 

58.66±2.08 mg/g, 65.33±3.05 mg/g, 58.33±4.50 mg/g and 72.666±3.51 mg/g, respectively. 

 

Figure 63:  Demonstrates the hepatic glycogen content in different experimental groups. 
***P<0.001 Vs Control. γ= P>0.05, δ=P<0.05 and β=P<0.01 Vs T1D. 

 

4.5.6. Serum biochemical parameters 
After 20 consecutive days of treatment, serum samples were collected from all the groups to 

study the enzymatic and biochemical parameters namely acid phosphatase, alkaline 

phosphatase, alanine aminotransferase, aspartate aminotransferase, cholesterol, creatinine and 

triglyceride levels. The data are summarized in Table 11. 
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Table 11: Levels of various enzymatic and biochemical parameters of the serum of five experimental groups under anti-diabetic 

evaluation. 

 Control Type 1 
diabetes 

Glibenclamide NILE low NILE high NISE low NISE 
high 

NIRE 
low 

NIRE 
high 

ACP 3.52± 
0.42 

8.29± 
0.69*** 

5.64± 
0.47** b 

7.15± 
0.60* b 

4.72± 
0.47** d 

7.63± 
0.22 

6.15± 
0.38 

5.66±0.30
* b 

5.06±0.24
** d 

ALP 10.86± 
1.29 

21.7± 
1.41*** 

11.55± 
1.0NS a 

16.51± 
1.09** b 

10.73± 
0.85NS a 

18.58± 
1.16** b 

14.0± 
0.37NS a 

16.74± 
1.76** b 

12.44± 
0.36NS a 

ALT 42.63±1.4 90.77± 
5.31*** 

54.49± 
2.71** a 

70.97± 
2.62*** b 

50.45± 
2.96* a 

79.19± 
5.64 *** d 

65.27± 
2.38 *** b 

71.33± 
4.47***b 

54.88± 
5.97 *b 

AST 65.88± 
3.74 

98.71± 
5.75** 

76.63± 
2.72*b 

82.68± 
3.63**c 

74.79± 
2.51* b 

92.32± 
4.36  ** c 

85.72± 
3.89 * b 

93.05± 
3.88*** d 

73.95± 
2.24 * b 

Cholesterol 78.86± 
3.49 

118.39± 
3.04*** 

78.43± 
1.35NS a 

99.19± 
2.59** b 

85.75± 
2.33* a 

104.92± 
2.49*** b 

90.61 
2.62** a 

93.17± 
0.76** a 

85.50± 
4.44NS a 

Creatinine 0.19± 
0.00 

0.35± 
0.01*** 

0.19± 
0.01NS a 

0.266± 
0.00*** b 

0.21± 
0.00* a 

0.32± 
0.00*** c 

0.27± 
0.00*** b 

0.28± 
0.00*** b 

0.25± 
0.01*** b 

Triglyceride 94.33± 
4.21 

138.36± 
2.66*** 

96.53± 
1.90NS a 

122.12± 
4.31** b 

100.73± 
3.51NS a 

127.27± 
4.91*** c 

121.95± 
5.96** c 

128.42± 
2.54*** b 

109.97± 
4.25* a 

Urea 20.58±2.3
9 

57.42 ± 
2.06 *** 

26.54± 
1.95 NS a 

44.43± 
0.36 *** a 

28.47± 
0.70 ** a 

47.96± 
3.02 *** c 

36.85± 
1.08 *** a 

46.87 ± 
1.78 *** c 

30.16 ± 
2.19 *** a 

Urea N2 9.60±1.12 26.81 ± 
0.96 *** 

12.39 ± 
0.91 * a 

20.61 ± 
0.31 *** a 

13.29 ± 
0.32 ** a 

22.39 ± 
1.41 *** c 

17.20 ± 
0.50 *** a 

21.88 ± 
0.83 *** b 

14.08± 
1.02 * a 

Uric acid 1.68 ± 
0.13 

2.43± 
0.12 ** 

1.94 ± 
0.07 * b 

2.22 ± 
0.07 ** d 

1.83 ± 
0.06 NS b 

2.41 ± 
0.06 ** d 

2.09 ± 
0.03 NS b 

2.18 ± 
0.04 ** d 

1.86 ± 
0.09 NS b 

NSp= non-significant (p>0.05), *p<0.05, **p<0.01 and ***p<0.001 vs control. dp= non-significant (p>0.05), cp<0.05, bp<0.01 and ap<0.001 vs 
type 1 diabetes group. 
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4.5.7. Catalase and peroxidase activities 
The effect of NILE, NISE and NIRE on the catalase and peroxidase activities in kidney, liver 

and muscle are demonstrated in Figure 64 and 65. Catalase activity was decreased in diabetic 

control liver (P<0.01; 40.11%), kidney (P<0.01; 38.44%) and muscle (P<0.01; 64.28%) 

samples. Compared to diabetic control,  significant changes (P<0.01) in catalase activity 

accounted for 37.65%, 37.55% and 60% increase in liver, kidney and skeletal muscle 

respectively for NLE high group. Activity of peroxidase in liver (P<0.01; 32.87%), kidney 

(P<0.001; 28.81%) and skeletal muscle (P<0.01; 27.53%) were deceased in the alloxan 

induced experimental diabetic condition and ameliorated in glibenclamide, NILE low and 

NILE high groups. Increase in peroxidase activity in liver, kidney and muscle for NILE high 

group were 26.72%, 24.03% and 26.03% respectively compared to diabetic control.  

 

 

 

Figure 64: Shows 
catalase activity in 
kidney, liver and 
muscle in different 
experimental 
groups. NSP>0.05, 
*P<0.05, **P<0.01 
and ***P<0.001 Vs 
Control. γ= P>0.05, 
δ=P<0.05 and 
β=P<0.01Vs T1D. 

Figure 65:  Demonstrates 
peroxidase activity in 
kidney, liver and muscle 
in different experimental 
groups. NSP>0.05, 
*P<0.05, **P<0.01 and 
***P<0.001 Vs Control. 
γ= P>0.05, δ=P<0.05, 
β=P<0.01 and α=P<0.001 
Vs T1D. 

102 

 



4.5.8. Glycated haemoglobin (HbA1c) level 
The effect of NILE, NISE and NIRE on HbA1c level is demonstrated in Figure 66. Due to 

induction of diabetes by alloxan, the HbA1c level was increased from 4.30±0.02% at control 

to 6.58±0.13% at T1D group, accounting for 1.53 fold increase. The HbA1c level was further 

decreased at 4.88±0.28% due to silymarin treatment. The level of HbA1c for NILE low, NILE 

high, NISE low, NISE high, NIRE low and NIRE high groups were 5.64±0.14%, 

4.77±0.14%, 6.23±0.10%, 5.58±0.28%, 6.45±0.28% and 5.66±0.28% respectively. Among all 

the test groups, only glibenclamide and NILE high group demonstrated most significant 

(P<0.001) HbA1c lowering capacity compared to control. 

 

4.5.9. Insulin level 
The insulin levels of all the groups were measured after 20 consecutive days of treatment. The 

results are demonstrated in Figure 67. The insulin level of the control group was 5.01±0.18 

μU/ml, which was decreased to 1.80±0.20 μU/ml due to induction of diabetes. Among all the 

test groups only NILE high group demonstrated significant (P<0.001) normalization of the 

insulin level followed by glibenclamide and NIRE high group (P<0.01). Among all the groups 

only NISE low group demonstrated small decrease in the insulin level. The insulin level of 

NISE low group was 1.74±0.17 μU/ml. The level of insulin for glibenclamide, NILE low, 

NILE high, NISE low, NISE high, NIRE low and NIRE high groups were 3.58±0.31 μU/ml, 

2.38±0.46 μU/ml, 3.73±0.18 μU/ml, 1.74±0.17 μU/ml, 2.42±0.36 μU/ml, 2.02±0.34 μU/ml 

and 2.49±0.15 μU/ml respectively. This demonstrated 1.89 fold, 1.32 fold, 2.07 fold, 0.96 

fold, 1.34 fold, 1.12 fold and 1.38 fold increase in serum insulin level compared to control. 

Figure 66: Demonstrates 
blood Glycated 
haemoglobin (HbA1c) 
level in different 
experimental groups. 
*P<0.05, **P<0.01 and 
***P<0.001 Vs Control. 
γ= P>0.05, δ=P<0.05, 
β=P<0.01and α=P<0.001 
Vs T1D. 
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Figure 67: Demonstrates blood insulin level in different experimental groups. **P<0.01 
and ***P<0.001 Vs Control. δ= P>0.05, β=P<0.01and α=P<0.001 Vs T1D. 

4.5.10. Oral glucose tolerance test 
Table 12 demonstrated the effect of NILE, NISE and NIRE treatment on the oral glucose 

tolerance in mice. The test was performed on different groups of animals, so that the 

administration of glucose during the test would not influence the serum enzymatic and 

biochemical parameters. Compared to control, only T1D group possessed significantly higher 

(P<0.01) glucose level at 0 min.  

Table 12: Demonstrates the blood glucose levels at 0, 30, 60, 120 and 180 min in oral 
glucose tolerance test. NSp= non-significant (p>0.05), *p<0.05, **p<0.01 and ***p<0.001 Vs 
corresponding time of control group. 

 0 min 30 min 60 min 120 min 180 min 
Control 55±12.12 156.66±13.79 129.00 ± 

13.52 
93.33±9.07 79.00±14.93 

T1D 239.33±18.55** 435.00±19.51*** 402.00 ± 
17.69*** 

357 ± 
16.82** 

325.66 ± 
12.34** 

Glibenclamide 85.66 ± 
9.60NS 

255.00 ± 
15.39* 

176.33 ± 
15.63*** 

123.33 ± 
19.13NS 

113.66 
20.55NS 

NILE low 96.00 ± 
8.88NS 

246.66 ± 
14.01* 

234.33 ± 
14.22** 

173.00 ± 
21.51* 

138.33 ± 
13.86** 

NILE high 71.66 ± 
15.50NS 

223.66 ± 
7.50** 

164.00 
20.42NS 

125.33 ± 
13.01* 

76.66 ± 
13.42NS 

NISE low 81.00 ± 
12.52NS 

248.30 ± 
8.32** 

233.43 ± 
11.23* 

180.66 ± 
20.81* 

151.33 ± 
14.04* 

NISE high 68.33 ± 
10.96NS 

226.66 ± 
13.31* 

218.00  ± 
17.34* 

171.06  ± 
20.95* 

135.33 ± 
9.71** 

NIRE low 70.33 ± 
13.01NS 

239.15  ± 
13.74** 

231.66 ± 
2.51** 

191.94 ± 
15.30* 

159.66 ± 
20.74* 

NIRE high 67.32 ± 
4.50NS 

230.74 ± 
19.13* 

216.03 ± 
13.79** 

183.82 ± 
13.86* 

151.23 ± 
7.02* 
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4.6. Phytochemical analysis 

4.6.1. Qualitative phytochemical screening 
The results of qualitative screening of various classes of phytochemicals are enlisted in Table 
13. 

Table 13: Qualitative determination of various classes of phytochemicals in different 
parts of N. indicum. 

 Leaf Stem Root Whole plant 

Tannin + + + + 
Phlobatannin + + + + 
Cholesterol + - - - 
Terpenoid + + + + 
Glycoside + + + + 
Phenolics + + + + 
Flavonoid + + + + 
Steroid - + - - 
Anthraquinone - - + - 
Saponin + + + + 
Carbohydrate + + + + 
Protein + + + + 
Alkaloid + + + + 

4.6.2. Quantitative phytochemical screening 
The results of quantitative screening of various classes of phytochemicals are enlisted in 
Table 14. 

Table 14: Quantitative determination of various phytochemicals in different parts of N. 
indicum. All values are represented as mean±SD of three replicative assays. 
Phytochemicals 

(units) 

Quantitative value  

Leaves              Stem                 Root                  Whole plant 

Alkaloid (g/100g) 63.28±2.38 61.74±2.98 67.86±1.54 64.44±1.13 

Saponin (g/100g) 12.56±0.67 9.06±0.75 12.4±0.45 10.57±0.37 

Flavonoid (mg/g) 8.05±0.19 7.48±0.87 8.11±0.88 7.77±0.61 

Total phenol (mg/g) 69.86±2.32 76.31±1.63 82.53±2.41 74.70±3.39 

Protein (mg/g) 43.76±1.60 31.66±0.98 41.51±1.16 39.21±0.65 

Lipid (mg/g) 25.61±0.07 14.88±0.05 9.76±0.05 12.51±0.07 

Soluble sugar (mg/g) 3.59±0.39 3.24±0.14 1.71±0.19 3.29±0.37 

Riboflavin (mg/100 g) 0.42±0.04 0.29±0.04 0.35±0.02 0.39±0.01 
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Thiamine (mg/100 g) 0.48±0.05 0.43±0.06 0.40±0.06 0.44±0.08 

Ascorbic acid (mg/100 g) 0.88±0.02 0.49±0.05 1.01±0.06 0.7±0.05 

Tannin (mg/100 g) 22.53±0.86 16.65±0.87 18.12±0.44 18.06±0.34 

Moisture (%) 62.23±2.07 54.76±4.36 59.94±3.14 61.64±3.04 

Ash (%) 2.98±0.03 2.53±0.0 2.78±0.01 2.89±0.02 

4.6.3. Fourier transform infrared spectroscopy (FTIR) analysis 
FTIR analysis of NILE, NISE and NIRE (Figure 68-70) were performed to identify the 

predominant chemical groups present in the extracts. Peak shifts in FTIR analysis are very 

common phenomenon. Some of the functional groups may thus, be affected by peak shift. 

The IR spectrum (Fig. 6) of NILE displayed different peaks (Table 15) at corresponding to 

different functional groups (Silverstein et al. 2007). 

 

 

Figure 68: Fourier transform infrared spectra of NILE. 
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Figure 69: Fourier transform infrared spectra of NISE. 

 

 

Figure 70: Fourier transform infrared spectra of NIRE. 
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Table 15: Fourier transform infrared spectroscopy peak values of NILE, NISE and 

NIRE, corresponding to Figure 68, 69 and 70.  

Wave 
number 
(cm-1) 

Type of 
Bonds 

Functional 
groups 

Type of 
Vibration 

3400.0 O-H Alcohol/Phenol Stretching 
2923.9 CH2-O Alkane (C-H) 

Aliphatic 
Stretching 

2922.0 
2856.4 CH-pyrrole Alkane (C-H) Stretching 
2854.5 
2752.2 =C-H Acid Stretching 
2362.6 C=C ---- Stretching 
2358.8 C=C ---- Stretching 
2333.7 C=O Aliphatic 

ketone 
---- 

2339.5 
1706.9 C=O Carbonyl/ Acid Stretching 
1697.2 
1625.9 C-C Alkene Stretching 

N-H Amide Bending 
1560.3 N-O Nitro Stretch 

N-H Amide Bending 
1535.2 N-H Amide Bending 
1460.0 C=C Aromatic Stretching 

CH3 Alkane (C-H) Bending 
1456.2 C=C Aromatic Stretching 

CH3 Alkane (C-H) Bending 
1375.2 -C-H Alkane Bending 

N-O Nitro Stretching 
1342.4 C-N Amine (aryl) Stretching 
1280.6  

C-O 
 

Carboxylic 
acid 

 
Stretching 1271.0 

1267.1 
1157.2 C-O Ester Stretching 
754.1  

 
 

=C-H 
 

 
 
 

Alkene 
 

 
 
 

Bending 
 

750.3 
721.3 
717.5 
675.0 
669.3 
424.3 N-H Amide Bending 
418.5 
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4.6.4. High performance liquid chromatography (HPLC) analysis 
HPLC analysis revealed the presence of different phenolic secondary metabolites. The 

secondary metabolite profile of NILE represented in Figure 71 at 270 nm revealed the 

presence of phenolic acids, flavonoids and alcohol present in NOLE. Gallic acid (0.297 

µg/mg dw), 4-hydroxybenzoic acid (0.362 µg/mg dw), vanillic acid (4.254 × 10-3 µg/mg dw), 

p-coumaric acid (0.011 µg/mg dw) and jasmonic acid (31.357 µg/mg dw) were the major 

phenolic compounds present in addition to a flavonoid, rutin (0.069 µg/mg dw) and two 

alcohols, o-cresol (0.076 µg/mg dw) and 3,4-xylenol (0.212 µg/mg dw). Figure 72 represents 

the HPLC chromatogram of NISE at 270 nm. The phenolic compounds identified were 4-

hydroxybenzoic acid (0.321 μg/mg dw), vanillic acid (0.307 μg/mg dw), syringic acid (0.556 

μg/mg dw), ferulic acid (2.72 μg/mg dw) and myricetin (0.012 μg/mg dw). Figure 73 

represents the HPLC chromatogram of NIRE at 270 nm. Vanillic acid (0.014 μg/mg dw), 

syringic acid (0.023 μg/mg dw), ferulic acid (0.0003 μg/mg dw) and myricetin (0.0006 μg/mg 

dw) were the phenolic compounds identified in NIRE.. 

 

 

Figure 71: HPLC chromatogram of NILE at 275 nm. 1: Gallic acid; 2: 4-
Hydroxybenzoic acid; 3: Vanillic acid; 4: p-Coumaric acid; 5: Rutin; 6: O-cresol; 7: 3,4-
Xylenol; 8: Jasmonic acid.  
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Figure 72: HPLC chromatogram of NISE at 275 nm. 1: 4-hydroxybenzoic acid; 2: 

Vanillic acid; 3: Syringic acid; 4; Ferulic acid; 5: Myricetin.  

 

 

 

Figure 73: HPLC chromatogram of NIRE at 275 nm. 1: Vanillic acid; 2: Syringic acid; 

3: Ferulic acid; 4: Myricetin.  
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4.6.5. Gas chromatography-mass spectrometry (GC-MS) analysis 
NILE, NISE and NIRE were fractionated by dichloromethane and n-hexane and the subjected 

to GC-MS analysis. The results revealed presence of diverse classes of phytocompounds 

(Figure 74-79) with potent bioactivities.  

 

 

Figure 74: GC chromatogram of dichloromethane fraction of NILE corresponding to 
table 16. *= column component/ repeat compound/ unidentified compound. 

 

Table 16: Chemical fingerprint of dichloromethane fraction of NILE corresponding to 
Figure 74. 

Peak 
no. 

Compounds Retention time 

1 4-Tridecanone 12.451 
2 2,4-Decadienal, (E,E)-  12.751 
3 2-Methoxy-4-vinylphenol 13.352 
4 N-Ethyl trimethylenediamine 13.802 
5 2-Cyclobutyl-2-propanol 14.959 
6 2,4-Diamino-6-methyl-1,3,5-triazin 15.291 
7 Vanillin 15.716 
8 Benzaldehyde, 3-hydroxy-4-methoxy- 15.841 
9 Nonanoic acid, 9-oxo-, methyl ester 16.285 
10 Methylparaben 17.518 
11 Ethanone, 1-(2-hydroxyphenyl)- 17.568 
12 Ethanone, 1-(3,4-dimethoxyphenyl)- 19.544 
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13 α-Amino-3'-hydroxy-4'-methoxyacetophenone 20.164 
14 Photocitral A 22.347 
15 2-Adamantylamine, N-acetyl- 22.428 
16 Methyl(methyl 4-O-methyl-α-d-mannopyranoside) uronate 22.616 
17 2,6-Di-O-methyl-d-galactopyranose 22.916 
18 Heptanoic acid, methyl ester 23.054 
19 4,6-Di-O-methyl-α-d-galactose 23.091 
20 4-((1E)-3-Hydroxy-1-propenyl)-2-methoxyphenol 23.573 
21 Tetradecanoic acid 23.954 
22 Guaifenesin 24.736 
23 Pentadecanoic acid, methyl ester 25.030 
24 Furan-2-carboxaldehyde, 5-(4-morpholyl)- 25.293 
25 2-Pentadecanone, 6,10,14-trimethyl 25.443 
26 Pentadecanoic acid 26.100 
27 11,13-Dimethyl-12-tetradecen-1-ol acetate 26.150 
28 9,17-Octadecadienal, (Z)- 26.319 
29 n-Hexadecanoic acid 28.383 
30 Heptadecanoic acid, methyl ester 28.996 
31 cis-Vaccenic acid 29.553 
32 n-Decanoic acid 29.922 
33 9,12-Octadecadienoic acid (Z,Z)-,methyl ester 30.279 
34 cis-13-Octadecenoic acid, methyl 30.416 
35 trans-13-Octadecenoic acid, methyl ester 30.485 
36 Phytol 30.685 
37 Methyl stearate 30.854 
38 9,12-Octadecadienoic acid (Z,Z)- 31.154 
39 9,17-Octadecadienal, (Z)- 31.636 
40 Methyl 9.cis.,11.trans.t,13.trans. -octadecatrienoate 33.556 
41 Eicosanoic acid, methyl ester 34.294 
42 dl-α-Tocopherol 36.084 
43 Vitamin E 36.209 
44 Stigmasterol 41.913 
45 β-Sitosterol 45.172 
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Figure 75: GC chromatogram of n-hexane fraction of NILE corresponding to table 17. 
*= column component/ repeat compound/ unidentified compound. 

 

Table 17: Chemical fingerprint of n-hexane fraction of NILE revealed by GC-MS 
analysis corresponding to Figure 75. 

Peak 
no. 

Compounds Retention 
time 

1 1-Hexanol, 2-ethyl- 8.935 
2 Nonanoic acid, 9-oxo-, methyl ester 20.251 
3 2-Tridecen-1-ol, (E)- 26.726 
4 Tridecanoic acid, 12-methyl-, methyl ester 26.926 
5 Tetradecanoic acid 28.077 
6 Pentadecanoic acid, methyl ester 29.052 
7 2-Pentadecanone, 6,10,14-trimethyl 29.459 
8 6-Octen-1-ol, 3,7-dimethyl-, propanoate 29.816 
9 7,10,13-Hexadecatrienoic acid, methyl ester 30.454 
10 7-Hexadecenoic acid, methyl ester, (Z)- 30.654 
11 Hexadecanoic acid, methyl ester 31.279 
12 Isophytol 31.555 
13 n-Hexadecanoic acid 33.000 
14 Heptadecanoic acid, methyl ester 33.050 
15 Octadecanoic acid 34.176 
16 8,11-Octadecadienoic acid, methyl ester 34.370 
17 9-Octadecenoic acid, methyl ester, (E)- 34.570 
18 Phytol 34.857 
19 Methyl stearate 34.989 
20 Isopropyl palmitate 35.039 
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21 Oleic Acid 35.977 
22 cis-Vaccenic acid 36.159 
23 9-Octadecenoic acid (Z)-, 2-hydroxy-1-(hydroxymethyl)ethyl ester 36.684 
24 7,10,13-Hexadecatrienoic acid, methyl ester 37.691 
25 Tricosane 37.847 
26 Methyl 18-methylnonadecanoate 38.354 
27 Vitamin E 47.418 
28 dl-α-Tocopherol 47.524 
29 Squalene 48.338 
 

 

 

Figure 76: GC chromatogram of dichloromethane fraction of NISE corresponding to 
table 18. *= column component/ repeat compound/ unidentified compound. 

 

Table 18: Chemical fingerprint of dichloromethane fraction of NISE revealed by GC-
MS analysis corresponding to Figure 76. 

Sl No. Name of compounds Retention time 
1.  trans-Isoeugenol 22.602 
2.  Ethanone, 1-(2-hydroxyphenyl)- 23.152 
3.  Methylparaben 23.352 
4.  Apocynin 23.796 
5.  Ethanone, 1-(2,4-dihydroxyphenyl)- 25.191 
6.  3,4-Dihydroxyacetophenone 26.061 
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7.  Phenol, 2,6-dimethoxy-4-(2-propenyl)- 28.482 
8.  4-((1E)-3-Hydroxy-1-propenyl)-2-methoxyphenol 29.601 
9.  2-Pentanone, 1-(2,4,6-trihydroxyphenyl) 30.108 
10.  Hexadecanoic acid, methyl ester 32.929 
11.  Pentadecanoic acid 33.980 
12.  Methyl 9-cis,11-trans-octadecadienoate 36.163 
13.  trans-13-Octadecenoic acid, methyl ester 36.257 
14.  Methyl stearate 36.689 
15.  9,12-Octadecadienoic acid (Z,Z)-  37.452 
16.  Linoleic acid ethyl ester  41.042 
17.  Tryptamine 42.575 
18.  5-Dodecyne 43.926 
19.  13-Tetradece-11-yn-1-ol 44.039 
20.  (+)-.gamma.-Tocopherol, O-methyl- 48.555 
21.  Dodeca-1,6-dien-12-ol, 6,10-dimethyl 49.900 

 

 

Figure 77: GC chromatogram of n-hexane fraction of NISE corresponding to table 19. 
*= column component/ repeat compound/ unidentified compound. 

Table 19: Chemical fingerprint of n-hexane fraction of NISE revealed by GC-MS 
analysis corresponding to Figure 77. 

Sl . No. Compound name Retention time 
1.  Hexadecanoic acid, methyl ester 32.960 
2.  n-Hexadecanoic acid 34.224 
3.  Heptadecanoic acid, methyl este 34.856 
4.  9,12-Octadecadienoic acid (Z,Z)-, methyl ester 36.232 
5.  9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)- 36.326 
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6.  Methyl stearate 36.720 
7.  9,12-Octadecadienoic acid (Z,Z)- 37.802 
8.  E,E-10,12-Hexadecadien-1-ol  41.080 
9.  9-Eicosyne 42.125 
10.  1H-Indole, 4-methyl- 42.594 
11.  Vitamin E 48.480 
12.  5-Dodecyne 51.395 
13.  Supraene 52.633 

 

 

 

Figure 78: GC chromatogram of dichloromethane fraction of NIRE corresponding to 
table 20. *= column component/ repeat compound/ unidentified compound. 

 

Table 20: Chemical fingerprint of dichloromethane fraction of NIRE revealed by GC-
MS analysis corresponding to Figure 78. 

Sl. No. Name of compounds Retention time 
1.  1,3-Dioxane, 2-pentadecyl- 11.761 
2.  2-Propenoic acid, octyl ester 12.437 
3.  3-Hexene, 3-ethyl-2,5-dimethyl- 12.643 
4.  2-Nonanone 17.891 
5.  Propanamide, N-methyl- 18.955 
6.  4-Hydroxy-3-methylacetophenone 19.086 
7.  Phenol, 2,6-dimethoxy- 20.074 
8.  2-Butanone, 4,4-dimethoxy- 20.394 
9.  Vanillin 21.763 
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10.  Nonanoic acid, 9-oxo-, methyl este 22.139 
11.  Trans-Isoeugenol 22.564 
12.  Phenol, 2-methoxy-4-(1-propenyl)- 22.708 
13.  Acetophenone, 4'-hydroxy- 23.258 
14.  9-Oxononanoic acid 23.972 
15.  Ethanone, 1-(2,4-dihydroxyphenyl)- 25.542 
16.  Phenol, 2,6-dimethoxy-4-(2-propenyl)- 28.463 
17.  4-((1E)-3-Hydroxy-1-propenyl)-2-methoxyphenol 29.583 
18.  Pentadecanoic acid, methyl ester 30.927 
19.  7-Octen-2-ol, 2,6-dimethyl- 31.178 
20.  Benzene, 1-methoxy-3-(3-methyl-3-butenyl)- 31.803 
21.  Hexadecanoic acid, methyl ester 32.948 
22.  4-Methylcarbazole 33.598 
23.  1-Methylcarbazole 33.711 
24.  n-Hexadecanoic acid 34.086 
25.  Heptadecanoic acid, methyl ester 34.843 
26.  9,12-Octadecadienoic acid (Z,Z)-,methyl ester 36.219 
27.  9-Octadecenoic acid, methyl ester,(E)- 36.301 
28.  Methyl stearate  36.807 
29.  Murrayafolin A 37.026 
30.  9,12-Octadecadienoic acid (Z,Z)- 37.496 
31.  Methyl 9-eicosenoate 39.735 
32.  Methyl 18-methylnonadecanoate 40.160 
33.  Bicyclo[10.1.0]tridec-1-ene 40.398 
34.  2-Methyl-Z,Z-3,13-octadecadienol 40.504 
35.  1-Pentadecyne 41.055 
36.  13-Tetradece-11-yn-1-ol 42.143 
37.  1H-Indole, 5-methyl- 42.644 
38.  Acetophenone oxime, 3,5-di(tert-butyl)-4-hydroxy- 43.332 
39.  26-Hydroxycholesterol 51.376 
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Figure 79: GC chromatogram of n-hexane fraction of NIRE corresponding to table 21. 
*= column component/ repeat compound/ unidentified compound. 

 

Table 21: Chemical fingerprint of n-hexane fraction of  NIRE revealed by GC-MS 
analysis corresponding to Figure 79. 

Sl. No. Name of Compounds Retention 
Time 

1.  1-Methoxy-4,4-dimethyl-cyclohex-1-ene 11.036 
2.  2-Hexenoic acid, methyl ester, (E) 12.399 
3.  Cyclohexane, 1-methyl-4-(1-methylethyl)-, trans- 12.599 
4.  Ethanone, 1-(1-methylcyclohexyl)- 13.575 
5.  2-Pentene, 3-methyl-, (Z)- 13.982 
6.  Propanoic acid, 2-methyl-, 2-ethylhexyl ester 20.838 
7.  Tetradecane 21.088 
8.  Nonanoic acid, 9-oxo-, methyl este 22.114 
9.  Apocynin 23.815 
10.  Benzoic acid, 4-hydroxy-3-methoxy-,methyl ester 23.884 
11.  Fumaric Acid 24.253 
12.  Cyclohexanol, 5-methyl-2-(1-methylethenyl)- 25.761 
13.  Hexadecane 25.973 
14.  Z-2-Dodecenol 26.336 
15.  Dodecanoic acid 26.636 
16.  Methyl tetradecanoate 28.801 
17.  cis-9-Hexadecenoic acid  30.346 
18.  Pentadecanoic acid, methyl ester 30.940 
19.  7-Octen-2-ol, 2,6-dimethyl- 31.209 
20.  Cyclododecyne 32.210 
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21.  cis-7,cis-11-Hexadecadien-1-yl acetate 32.535 
22.  Hexadecanoic acid, methyl ester 33.067 
23.  Pyrene, hexadecahydro- 33.323 
24.  1-Methylcarbazole 33.742 
25.  n-Hexadecanoic acid 34.687 
26.  Octadecanoic acid 34.906 
27.  9,12-Octadecadienoic acid (Z,Z)-,methyl ester 36.538 
28.  9-Octadecenoic acid (Z)-, methyl ester 36.595 
29.  Methyl stearate 37.064 
30.  Murrayafolin a 37.289 
31.  9,17-Octadecadienal, (Z)- 37.458 
32.  9,12-Octadecadienoic acid (Z,Z)- 38.302 
33.  Methyl 9.cis.,11.trans.t,13.trans.-octadecatrienoate 39.635 
34.  cis-11-Eicosenoic acid, methyl ester 39.885 
35.  Methyl 18-methylnonadecanoate 40.304 
36.  13-Tetradece-11-yn-1-ol  41.061 
37.  trans,trans-1,8-Dimethylspiro[4.5]decane 41.211 
38.  9-Octadecyne 42.256 
39.  Oleic Acid 43.107 
40.  Acetophenone oxime, 3,5-di(tert-butyl)-4-hydroxy- 43.507 
41.  cis-13-Eicosenoic acid 44.095 
42.  2-Methyl-1H-phenanthro[3,4-d)imidazol-10-ol 44.308 
43.  Z,Z-2,13-Octadecadien-1-ol 44.527 
44.  Isopropyl linoleate 44.958 
45.  Tricosanoic acid, methyl ester 45.202 
46.  beta.-Amyrin 46.778 
47.  dl-.alpha.-Tocopherol 48.880 
48.  Squalene 50.025 
49.  Ibogaine 50.231 
50.  alpha.-Amyrin 50.869  
51.  Lupeol 51.389 
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5.  
DISCUSSION 



5. Discussion 
The present study was concentrated on the medicinal, immunological and phytochemical 

investigations of the ethnomedicinal plant Nerium indicum Mill. N. indicum is a well-known 

name in the ethnopharmacological domain all over the world especially in India (Dutt, 1922; 

Dastur, 1985; Muthu, et al., 2006; Khare, 2007; Ghosh, 2008) and Chinese (Ji, 1999; Ding, et 

al., 2003; Sreenivasan, et al., 2003; Fu, 2005; Gayathri, et al., 2013) traditional medicinal 

systems. Though numerous studies exists on the medicinal properties of the plant, but the 

present study for the first time have evaluated and compared the medicinal properties of the 

three major parts of the plant i.e. leaf, stem and root in a more comprehensive way and 

correlated the results with the phytochemical composition to highlight its physiological 

implications. 

The central idea of the present study was to investigate the ethnopharmacological claim of the 

medicinal properties of N. indicum through pharmacological perspectives and also to 

elucidate the mechanisms and underlying rationale behind these bioactivities. 

Hydromethanolic extracts of N. indicum were chosen as the test material because in 

ethnophatmacology and traditional system, medicines are prepared mostly in polar solvents. 

Besides, many ethnopharmacological medicines are actually tinctures prepared by 

hydroalcoholic solvent extraction processes. Moreover, it is a well-known fact that phenolic 

and flavonoid phytochemical species are the primary mediators of bioactivities of herbal 

medicines. Initial screening of N. indicum revealed presence of high quantity of phenolic and 

flavonoids in the 70% methanolic extracts and that is why the extracts were chosen for the 

present study. Besides, according to Harborne (1998), one of the best method of total phenolic 

species isolation from the plant source is performed with aqueous-alcoholic solvent system 

such as hydromethanolic extraction. Therefore, considering the aforementioned facts, 70% 

hydromethanolic extracts of N. indicum were chosen for the bioactivity study.  

Immunomodulatory evaluation of NILE, NISE and NIRE were performed using both in vivo 

and in vitro methods. Though the immunomodulatory potentialities of N. indicum have been 

claimed in the traditional medicinal systems, but very few studies were performed to evaluate 

such claim. Initial evaluation of the stimulation of murine humoral immune system was 

performed by PFC assay and corresponding IgM level estimation. The PFC assay is based on 

complement mediated lysis of foreign antigen (sRBC) through immunoglobulin activity 

(Bondada & Robertson, 2003). sRBC is a particulate T-cell dependent natural antigen which 

activates T-cell to induce activation of enough B-cells in whole splenocyte population. Thus, 
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further challenge with the same antigen (sRBC) evokes IgM mediated immune response at 

higher multitude followed by the complement mediated lysis of sRBC. IgM binds guenia pig 

complement more efficiently, thus the PFC value is influenced by the generation of IgM level. 

The plaque forming cells are detected under binocular microscope through IgM-complement 

complex mediated lysis of sRBC, which remained surrounded to the antibody secreting cells 

in the Cuningham chamber (Bondada & Robertson, 2003). sRBC mediated antibody response 

are also routinely used in immunotoxicological studies (Roy, et al., 2013; Ladics, 2007). In 

the present study, only NILE and NIRE demonstrated gradual dose-dependent stimulation of 

the murine humoral immune system as evaluated by PFC and IgM assay. The significant 

increase (P<0.001) of the PFC value of NILE and NIRE at 200 mg/kg dose were 1.57 fold 

and 1.50 fold higher than that of the control. The PFC value without any antigenic stimulation 

usually remains at basal level (5-30 PFC/106 cells) (Bondada & Robertson, 2003). 

Furthermore, the secreted IgM levels from the same assay, estimated using ELISA 

corroborated the results of the PFC assay. The increase in IgM level for NILE and NISE at 

200 mg/kg were 1.76 fold and 1.42 fold respectively, compared to control. NISE did not 

demonstrated any significant (P>0.05) stimulation of the humoral immune system. Increased 

PFC value and IgM level at 200 mg/kg NISE were mere 1.01 fold and 1.09 fold, respectively 

compared to control. 

Following the PFC assay, hemagglutination (HA) titre assay was also performed to measure 

the stimulation of murine humoral immune system by different extracts of N. indicum. HA 

titre assay measures the relative concentration of antibody which is expressed as titre value. 

Therefore, if PFC assay is the qualitative test, then HA titre is considered as the quantitative 

test for assessment of stimulation of the humoral immunity. On encounter with antigen, naive 

B-cells proliferate to generate plasma cells which are programmed to secret antibodies against 

the antigen. Stabilization of antigen takes place through a complex cross-linking latex 

formation with the antibody. The insoluble agglutination complex is later internalized and 

digested by the phagocytic cells. In the present study, on initial immunization, murine naive 

B-cells generate antibodies against the foreign particle i.e. sRBC. The antibodies present in 

the serum specific to sRBC later recognize and bind to the sRBC and from agglutination 

complex in the Khan tubes. Detection of antigen-antibody agglutination complex at higher 

dilution reflects not only the stimulation of the humoral immune response but also highlights 

immunogenicity of the plant extracts. Compared to control, only NILE and NIRE showed 

visible hemagglutination at higher dilutions of the antiserum. Antibody titre at 50 mg/kg, 100 
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mg/kg and 200 mg/kg dose of NILE were 1/80, 1/160 and 1/320, respectively. In case of 

NIRE, antibody titre at 100 mg/kg and 200 mg/kg dose were 1/80 and 1/160, respectively. 

Therefore, NILE and NIRE demonstrated stimulation of murine humoral immunity as 

evidenced from the significant increase in the humoral antibody titre. Hemagglutination is a 

routinely used method to evaluate the effect of phytomedicins on the B-lymphocyte function, 

because B-lymphocytes are most crucial for promoting antibody based immunity against 

invading pathogens such as bacteria. This method on the other hand, provides evidence that 

certain phytocompounds could be used as immunogenic adjuvants along with conventional 

vaccines to provide better protection by stimulating the immune response. Using similar 

approach, Makare, et al., (2001) demonstrated that oral administration of a polyphenol rich 

fraction from Mangifera indica in mice elevated the anti-sRBC antibody titre multiple folds. 

Moreover, different monoterpene compositions from fruits were demonstrated to elevate the 

anti-sRBC hemagglutination titre value and the data was validated by increase in anti-sRBC 

PFC response (Raphael & Kuttan, 2003).  

In the present study, various experiments were performed using murine peritoneal exudate 

macrophages to demonstrate the immunomodulatory activities of NILE, NISE and NIRE. The 

peritoneum cavity is populated with two sub-sets of macrophages. Around 90% of them are 

large peritoneal macrophages, expressing CD11b and F4/80 surface markers which are typical 

to macrophages. These cells disappear rapidly from the peritoneal cavity following 

lipopolysaccharide (LPS) or thioglycolate stimulation (Ghosn, et al., 2010). The remaining 

10% are small peritoneal macrophages which express CD11b and F4/80 in lower levels but 

express MHC-II at higher extent. The in situ non-adherent murine peritoneal macrophages 

have higher expression of inducible NO synthase and IL-12 compared to the macrophages of 

the splenic origin (Liu, et al., 2006). Based on the morphology and surface molecular 

characteristics, the peritoneal macrophages are highly mature, possess greater phagocytic 

capacity than splenic macrophages. Wang, et al., (2013) demonstrated that macrophages of 

peritoneal origin are of larger size compared to splenic and bone marrow derived 

macrophages. Besides, peritoneal macrophages express significantly low levels of CD-80 

which regulates T-lymphocyte activation and survival, CD-86 which regulates T-lymphocyte 

activation and survival, CD115 which is a colony stimulating factor-1 and Gr-1 which is 

myeloid differentiation antigen. Whereas expression of B7-H1 which regulates T- and B-

lymphocyte activation or inhibition was found to be higher in peritoneal macrophages 

compared to other macrophage sub-sets (Wang, et al., 2013). 
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The present study demonstrated the effect of orally administered NILE, NISE and NIRE on 

the total peritoneal macrophage count in mice. The results demonstrate that only NILE 

stimulated significant (P<0.001) proliferation of macrophages. The increase in macrophage 

count at 200 mg/kg NILE, NISE and NIRE were 1.70 fold, 1.05 fold and 1.20 fold 

respectively compared to control. Similar immunostimulatory activity of other plant material 

like the edible tuber of Dioscorea alata L. demonstrated the elevation in murine peritoneal 

macrophage count (Dey, et al., 2014) and immunosuppressive activity by of Diplazium 

esculentum (Koenig ex Retz.) Sw demonstrated the dose dependent decrease in murine 

peritoneal macrophage count (Roy, et al., 2013). In a similar approach, Garcia, et al., (2002) 

demonstrated the modulation of peritoneal macrophage count by intraperitoneal injection of 

Mangifera indica extracts in male Wistar rats.  

Phagocytosis is one of the first line of defence of the immune system which is chiefly 

mediated by phagocytes such as macrophages. In the present study, the effect of N. indicum 

extracts were evaluated for possible effect on the phagocytic activity of the murine peritoneal 

macrophages. The effect of NILE, NISE and NIRE on the reticulo-endothelial system 

comprising of mononuclear mobile and fixed-tissue macrophage was evaluated by the carbon-

clearance test. These phagocytes play a profound role in the clearance of non-specific foreign 

particulates from the systemic circulation (Gokhale, et al., 2003). On injection of the colloidal 

Indian ink containing carbon particle through the tail vein, the rate of macrophage medicated 

clearance of the particles from the blood stream occurs at an exponential rate which could be 

measured in a time dependent manner using spectrophotometry. Gradual decrease in 

absorbance at 650 nm with time indicates the rate of carbon-clearance from the systemic 

circulation. Furthermore, peritoneal macrophages isolated from N. indicum extract treated 

mice were subjected to yeast phagocytic assay. Macrophages were co-cultured with heat 

killed yeast cells, which resulted in phagocytosis of the yeast cells by the macrophages. 

Among the three extracts, only NILE at 200 mg/kg demonstrated significant (P<0.01) 

increase in phagocytic capacity which was 1.43 fold higher than the control. In case of NISE, 

the phagocytic capacity was slightly (0.92 fold) decreased at the highest dose. Similar trend 

was observed in case of the phagocytic index with dose-dependent significant (P<0.05) 

increase of PI of NILE and NIRE at the highest dose. In a preliminary study, Bor and his 

group (1988) demonstrated that oleander extract induces phagocytosis in dog neutrophil 

leucocytes and predicted that the extract may promote healing process through efficient 

phagocytic process. Previously Muller, et al., (1991) showed stimulation in phagocytic 
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activity by a polysaccharide rich fraction from the aqueous extract of the oleander leaves. 

Moreover, Al-Farwachi (2007) showed that subcutaneous injection of aqueous leaf extract of 

Nerium stimulated phagocytic activity in experimental rabbit model. The present study 

therefore, remained in concurrence with the previous findings that Nerium leaf extract possess 

stimulatory activity on the phagocytes.  

The present study investigated the in vitro myeloperoxidase, nitric oxide inhibitory and 

respiratory burst activities of the isolated murine peritoneal macrophage. Recognition and 

internalization of invading bacteria is the primary function of the macrophages. Inside the 

phagosome, activation of NADPH oxidase results in generation of superoxide anion, which is 

deprotonated to from O2 and H2O2, from which the highly reactive hypochlorous acid (HOCl) 

is generated through the myeloperoxidase reaction (Hampton, et al., 1998). Generation of a 

plethora of oxygenated radical such as superoxide radical, H2O2, hydroxyl radical, singlet 

oxygen, HOCl, chloramines, nitric oxide, peroxynitrite, in order to kill the internalized 

pathogen, is termed as respiratory burst activity. Although the respiratory burst process is 

quintessential in acute inflammation, but constitutive release of these free radicals cause local 

tissue damage. In practice, LPS is utilized to activate macrophages to secrete pro-

inflammatory mediator such as NO, TNF-a and IL-1b (Coligan, 2005). NO is released from 

the activated macrophages and functions as marker for inflammatory progression and 

cytotoxic activity (MacMicking, et al., 1997). LPS cause the activation inducible NO synthase 

(iNOS) to catalyse the conversion of L-arginine to L-citrulline by oxidizing the guanidino 

nitrogen of L-arginine to release NO. NO itself possess bactericidal activity and coupling with 

superoxide radical further generates highly reactive peroxynitrite radical. Therefore, 

suppression of NO release during inflammatory process has been a central idea behind the 

functioning of anti-inflammatory drugs (Liu, et al., 2012; Lee, et al., 2013; Saad, et al., 2011; 

Hung, et al., 2011). In the present study, the elevated level of NO due to LPS (20 μg/ml) was 

significantly (P<0.001) lowered by NILE, NISE and NIRE in a dose-dependent manner. The 

level of NO inhibition at 80 μg/ml was 0.47 fold, 0.51 fold and 0.61 fold for NILE, NISE and 

NIRE respectively. Dong and his group (2010) previously showed that a polysaccharide 

fraction from N. indicum flower stimulates NO production in macrophage RAW264.7 cells. 

However, the present study demonstrated the potent activity of N. indicum extracts to inhibit 

the expression of NO in LPS stimulated macrophages. The same has also been demonstrated 

on murine splenic lymphocytes stimulated with concanavalin A, which is discussed later. 
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NILE, NISE and NIRE were further studied for their effect on the respiratory burst activity 

and myeloperoxidase (MPO) level on murine peritoneal exudate macrophages. It was 

observed that although the respiratory bust activity was significantly increased (P<0.001) only 

in case of NILE, but the MPO level was reduced significantly (P<0.001) for all the extracts. 

Respiratory burst activity was measured at 630 nm, where increase in absorbance signifies 

increase in respiratory burst activity. The increase of respiratory burst in case of NILE, NISE 

and NIRE were 1.69 fold, 1.32 fold and 1.31 fold, respectively. On the other hand, the 

percentage of inhibition of MPO level at 100 μg/ml for NILE, NISE and NIRE were  

16.00±1.64%, 7.17±1.68% and 10.64±0.83%, respectively. 

It is interesting to note, that the increase of phagocytic activity and respiratory burst activity 

were not accompanied by the MPO release, which might seem to be paradoxical. However, it 

has been previously demonstrated that phagocytic activity elevates in MPO deficient 

granulocytes (Hasui, et al., 1991; Stendahl, et al., 1984; Gerber, et al., 1996). Respiratory 

burst is actually a process in which various free radicals are generated such as superoxide 

radical, NO, H2O2, peroxynitrite, hypochlorous acid (HOCl), hydroxyl radical etc (Hampton, 

et al., 1998). In this regard, it is essential to note that NILE, NISE and NIRE have also 

demonstrated potent free radical scavenging activity which has been discussed later. Gerber 

and her group (1996) have hypothesised that the phagocytic activity in the MPO deficient 

cells may be enhanced due to the increased receptor expression such as of complement 3b- or 

Fc-receptor which could be translocated from intracellular pool to the cell surface which is 

comparatively easier in the MPO deficient cells (O'Shea, et al., 1985). Stendahl, et al., (1984) 

further demonstrated that the extent of complement 3b- and Fc-receptor mediated 

phagocytosis is decreased in zymozan-activated MPO deficient cells when induced with 

extracellular MPO.  

Murine peritoneal macrophages, under stimulation with NILE, NISE and NIRE had 

demonstrated significant (P<0.001) inhibition of cell-adhesion properties. The percentage 

inhibition of cell-adhesion were 21.52±2.06%, 10.32±1.32% and 9.92±2.41% respectively. 

During inflammatory situation due to microbial invasion in the body, the circulatory 

macrophages are recruited to the site of inflammation and enters the target tissue by adhering 

and passing between the endothelial cell lining of the blood vessels in an innate immune 

response termed as extravasation. P- and M-selectins and their carbohydrate counter ligands 

initially mediate rolling and tethering of the macrophages (Middleton, et al., 2002). 

Thereafter, the integrins and their ligands mediated firm cell adhesion. In this process, various 
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mediators such as IL-8 and macrophage inflammatory protein (MIP-1b), TNF-α, IL-1β and 

different chemokines play a vital role in activating the integrins on the surface of the 

macrophage (Carveth, et al., 1989; Detmers, et al., 1990). The present study demonstrated the 

inhibition of cell adhesion properties due to N. indicum extracts, which remains in accordance 

with other studies. Previous reports suggests that plant extracts with immunomodulatory or 

anti-inflammatory properties possess the potentiality to down-regulate the cell adhesion 

properties in phagocytes either by inhibiting expression of vascular cell adhesion protein-1 

(VCAM-1) or P-selectin (Thounaojam, et al., 2012; Jadeja, et al., 2012; Kim, et al., 2014). 

Therefore, from the present study, it is quite evident that N. indicum holds the potentiality to 

modulate cellularity, phagocytic activity, respiratory burst, MPO release and cell adhesion 

properties of murine peritoneal macrophages. 

The anti-inflammatory activity was evaluated on murine splenic lymphocytes, which were 

stimulated with Concanavalin A (Con A). Spleen functions primarily as a blood filtration 

apparatus in the body. However, it generates and maintains immunologically active cells 

which participate in recognition and elimination of foreign invading pathogens. Splenic 

lymphocytes predominantly regulate the pro-inflammatory conditions through cytokine 

production and modulation of the immunocompetent cells (Semaeva, et al., 2010). The white 

pulp of the spleen remains chiefly populated with the B- and T-lymphocytes. Con A is a lectin 

from the plant Canavalia brasiliensis and functions as a potent T-lymphocyte polyclonal 

activator (Andrade, et al., 1999) and also as a potent mediator of chronic inflammation 

through JAK/STAT3 pathway (Akla, et al., 2012). Con A at 5 μg/ml is considered the optimal 

dose for blastoid differentiation and activation of the lymphocytes (Chaudhuri & Chakravarty 

1981; Forni, et al., 1987). Liu (2004) demonstrated that 5 μg/ml Con A results in optimal 

augmentation of proliferation of the T-lymphocytes. Therefore, Con A is routinely used in 

similar studies to activate lymphocytes and to study the possible immunomodulatory and anti-

inflammatory activities of plant extracts and bioactive compounds (Checker, et al., 2012; 

Amro, et al., 2013; Jin, et al., 2013; Kenny, et al., 2013; Moriyama, et al., 2003; Shi, et al., 

2012). Besides, con A is also routinely used to induce hepatitis in experimental mice model 

(Tiegs, et al., 1992; Tegris, 1997). 

NO is a potent pro-inflammatory mediator. Plant lectins such as Con A induces murine 

mononuclear cells to express NO especially when both adherent and non-adherent cells are 

co-cultures (Andrade, et al., 1999). Various chronic diseases such as multiple sclerosis, 

arthritis, juvenile diabetes, asthma, psoriasis, systemic sclerosis and ulcerative colitis are 
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associated with chronic release of nitric oxide (Kroncke, et al., 1998). The present study 

demonstrated the inhibitory effect of N. indicum extracts on the release of NO from Con A 

stimulated murine lymphocytes. The inducible form of NO is primarily stimulated by pro-

inflammatory signals such as TNF-α, IL-1β, IFN-γ (Andrade, et al., 1999). However, in this 

case, under 5 μg/ml Con A stimulation and in presence of N. indicum extract (0-80 μg/ml), the 

level of TNF-α was down-regulated, whereas the level of IFN-γ was up-regulated. Under 

same condition, the inversed expression of NO with IFN-γ (R2= -0.988, -0.845, -0.958) 

signifies that the inhibition of NO was not IFN-γ mediated. In the present study, NILE, NISE 

and NIRE had already demonstrated the ability to inhibit NO expression in vitro, in addition 

to in vitro capacity to inhibit LPS induced NO expression in murine peritoneal macrophages. 

The dose-dependent correlation of NO expression with IL-10 was negative (R2= -0.965, -

0.717, -0.973), while TNF-α was positive (R2= 0.978, 0.697, 0.926). Similar observations 

were incurred by two independent studies who demonstrated that the inhibition of iNOS is 

medicated by suppression of TNF-α through IL-10 activity (Gazzinelli, et al., 1992; Oswald, 

et al., 1992). IL-10 is a potent anti-inflammatory meditator. Besides, IL-10 is well-known 

inhibitor of NO biosynthesis (Cuhna, et al., 1992; Hamid, et al., 1993; Kallio, et al., 1997; 

Huang, et al., 2002). Ameredes, et al., (2001) showed the elevation of NO production in IL-

10 knockout mice. Therefore, from the present observation, it could be stated that down-

regulation of NO was probably mediated by NILE, NISE and NIRE influenced inhibition of 

TNF-α as well as up-regulation of IL-10. The dual effect of N. indicum extracts to down-

regulate both NO and IL-4 may prove beneficial in asthma patients since both the factors are 

critically associated with asthmatic conditions (Batra, et al., 2007). 

Cytokines are known as in-house immunoregulatory molecules which are not only 

responsible for the fine tuning of the immune response but also mediates proper 

communication in immune system for activation, growth, development and functionality of 

the immunocompetent cells. In reference to their activities during immune response in 

inflammation, cytokines can be divided into two broad categories i.e. pro-inflammatory and 

anti-inflammatory cytokines. Pro-inflammatory cytokines mediate immediate immune 

response during the acute inflammation but proved to be deleterious in chronic inflammation. 

Even though the anti-inflammatory cytokines perform critical functions in activating and 

regulating different sub-sets of immunocompetent cells, but they also play a crucial role in 

controlling the pro-inflammatory immune response which has proven to be beneficial in 

protection against chronic inflammations and auto-immune disorders. The present study deals 
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with the effect of NILE, NISE and NIRE on mitogen activated expression of pro-

inflammatory (IL-2, IFN-γ, TNF-α) and anti-inflammatory (IL-4 and IL-10) cytokines in 

murine splenic lymphocytes. Activation of mast cells, eosinophils and basophils and also 

promotion of IgM to IgE class switching in B-lymphocytes are mediated by IL-4. It is a 

potent mediator of allergic inflammation and promotes conditions such as asthma and atopic 

syndrome. Besides, IL-4 has also been found to be associated with the development of 

allergic airway inflammation and airway hypersensitivity (Karp, et al., 1996) as well as may 

play a key role in inflammatory arthritis (Ohmura, et al., 2005). IL-10 is an anti-inflammatory 

cytokine which repress pro-inflammatory signals and restricts unnecessary tissue damage 

during inflammatory response (Ouyang, et al., 2011). It is also considered as 

immunosuppressive cytokine due to its property of indirectly inhibiting antigen-specific T-

cell activation (de Vries, 1995). IFN-γ mediates antiviral and anti-tumor environment 

(Schroder, et al., 2004) apart from activation of macrophage, stimulating MHC expression 

and amplifying leukocyte migration. IFN-γ has clinically been used in the treatment of 

prophylaxis of chronic granulomatous disease, visceral leishmaniasis and also possess utility 

in leprosy, cutaneous leishmaniasis, and disseminated atypical mycobacterial infection 

(Murray, 1996). IL-2 mediates the innate response against microbial infections, proliferation 

of CD4+ and CD8+ T-lymphocytes and self/foreign antigen recognition is mediated by IL-2. 

It is also a favourable immunotherapeutic agent for the next generation treatment of metastatic 

melanoma, acute myelogenous leukemia, and metastatic renal cell carcinoma (Atkins, 2002). 

TNF-α is a potent mediator of inflammation and exerts tissue damage in sepsis, tumor 

cachexia and autoimmune diseases (Pfeffer, 2003). Elevated level of TNF-α has been found to 

be associated with autoimmune conditions such as rheumatoid arthritis, psoriasis and Crohn's 

disease (Scheinfeld, 2004). In the present study, N. indicum demonstrated its potentiality to 

down-regulate TNF-α and IL-4 expression and up-regulate IL-2, IFN-γ and IL-10 expression 

in activated lymphocytes in vitro. N. indicum also down-regulates the TNF-α level in murine 

hepatocytes which was demonstrated under hepatoprotective evaluation. This has been 

discussed later. 

IL-10 possess inhibitory effects on TH1 cytokine expressions. But in this case, increase in IL-

10 expression had no suppressive effect on IL-2 or IFN-γ expression (both TH1 and pro-

inflammatory), even though TNF-α was down-regulated significantly. In addition, two major 

pro-inflammatory mediators, NO and TNF-α were significantly down-regulated by NILE, 

NISE and NIRE. TNF-α and NO shared positive correlation (R2= 0.978, 0.697, 0.926). 
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Moreover, the present study demonstrated the potentiality of N. indicum extracts to ameliorate 

delayed type hypersensitivity reactions in murine paw edema model. Besides, Erdemoglu, et 

al. (2003) also have demonstrated in vivo anti-inflammatory activity of N. indicum leaf and 

flower extracts on paw edema model. Therefore, in the present study, down-regulation of 

TNF-α and IL-2 and up-regulation of IL-10 may contribute to the anti-inflammatory activities 

of N. indicum. 

High negative correlation resided between IL-10 and TNF-α in case of NILE and NIRE (R2= -

0.9827, -0.934) which may prove to be beneficial target in the conditions such as psoriasis, 

ulcerative colitis, psoriatic arthritis and Crohn’s disease (Cutler & Brombacher, 2005). 

Besides, increase in NILE mediated IL-2 level may prove beneficial in autoimmune colitis, 

rheumatoid arthritis, allograft rejection, as IL-2 is primarily associated with immune tolerance 

(Lee & Margolin, 2011).  

The complex immunological associations during inflammatory conditions are mediated by 

fine regulation of pro- and anti-inflammatory cytokines and formation of arachidonic 

metabolites through the enzymatic cascade of cyclooxygenase (COX). Among the two 

isoforms of COX, COX-1 is constitutively expressed whereas COX-2, the inducible isoform, 

is predominantly activated during inflammatory conditions. Prostaglandins (PG) are the 

metabolites of arachidonic acid which are generated through an enzymatic cascade of COX 

and PG synthase, that leads to the cardinal signs of inflammation i.e. redness due to increase 

of blood flow, swelling due to vasodilation and pain due to induction of peripheral sensory 

neurons (Phipps, et al., 1991). PGs are the terminal mediators of hyperalgesia, generation of 

fever, increase in vascular permeability as well as primarily responsible for vascular diseases 

and angiogenesis. COX is considered as the central molecule of inflammation and therefore, 

COX inhibitors are routinely used as therapeutics to inhibit PG synthesis to eliminate 

inflammation in a wide range of diseases (Chizzolini & Brembilla, 2009). Previously, Singhal 

(2012) demonstrated COX-1 and COX-2 inhibitory activities of methanolic extract of N. 

indicum flower extract. In the present study, compared to control, the increase of COX-1 and 

COX-2 expression at 0 μg/ml was attributed to Con A induction. The dose dependent 

inhibition of both the COX isoforms were evident with increased concentration of N. indicum 

extract. At 80 µg/ml, the extent of inhibition of total COX, COX-1 and COX-2 for NILE were 

58.75%, 51.63% and 59.94% respectively; for NISE were 22.70%, 19.50% and 44.89%; for 

NIRE were 14.10%, 15.00% and 31.47%, respectively. Cardiac glycosides at present are 

considered as one of the novel candidate for anti-inflammatory drug as well as various such 
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compounds isolated from natural source such as quabain, digitoxin, digioxin, etc. are effective 

against different cancer cells (Newman, et al., 2008). Afaq, et al., (2004) demonstrated that 

the tropical application of oleandrin, a cardiac glycoside isolated from oleander leaves, 

provides significant decrease in TPA (skin tumor promoter) induced edema, hyperplasia, 

epidermal ornithine decarboxylase activity and COX-2 expression in mice. The COX 

inhibitory effect of NILE, NISE and NIRE were also reflected by the gradual decrease of 

PGE2, the level of which is dependent on metabolism of arachidonic acid by COX. At 80 

μg/ml, the inhibition of PGE2 level by NILE, NISE and NIRE were 55.94%, 28.71% and 

36.49% respectively. In case of NILE and NISE, high positive correlation (R2= 0.981 and 

0.898) resided between total COX and COX-1 demonstrating that total COX activity was 

influenced more by COX-1 activity than COX-2. In case of NIRE, COX-2 activity had higher 

influence on total COX activity compared to COX-1, as shown by high correlation value (R2= 

0.982). NO is a well-known inducer of COX activity (Salvemini, et al., 1993). This was even 

evident in case of NILE and NIRE, where the inhibition of NO has profound effects on down-

regulation of COX activities as demonstrated by the high positive correlations for both COX-

1 and COX-2 activities. Moreover, the PGE2 level, which is a direct measure of COX activity, 

have demonstrated decent correlation with COX activities only in case of NIRE. This 

signifies that there might have other factors in action for the regulation of PGE2 level and 

COX activities. 

The anti-inflammatory activity of N. indicum was further visually confirmed through in vivo 

DTH study. DTH response is primarily initiated by the activated TH cells which result in 

localized inflammatory response upon encountering antigens. An array of cytokine secreted 

by TH1 cells promote extravasation of blood mononuclear cells to accumulate at the site of 

response. Accumulated macrophages result in release of NO, TNF-α and oxygenated free 

radicals which mediate the effector part of the localized DTH response (Kindt, et al., 2008). 

In the present study, the lowest increase of paw edema were found in case of NILE treated 

groups and highest in case of untreated control, which signifies potent anti-inflammatory 

activity of NILE. The results substantiate the findings of Erdemoglu, et al., (2003) who 

previously demonstrated that Oleander flower and leaf extract hold the potentiality to reduce 

edema formation by sub-cutaneous carrageenan challenge. DTH reaction is basically 

governed by certain immunological events like NO and pro-inflammatory cytokine release, 

cell adhesion and formation of chemical species, all of which are inhibited by N. indicum 

extracts at varying degrees. Moreover, N. indicum extract mediated suppression of COX 

130 

 



activities and its associated PGE2 synthesis possibly produced lower edema in extract treated 

groups compared to control, giving rise to a visible evidence of the anti-inflammatory activity 

of N. indicum.  

In last two decades, the basic idea of the causative effects of disease whether microbial 

infections, autoimmune disorders or inflammatory diseases, their progression, clinical and 

pathological manifestation had went through tremendous changes. In most of the cases, 

reactive oxygen and nitrogen species, harmful free radicals and reactive metabolites were 

found to play a cardinal role in the pathogenesis of diseases. Mechanism based screening of 

herbal medicines have not only revealed the beneficial effects of herbal medicines through 

their antioxidative properties, different health-enhancing and disease-preventing foods were 

also identified which provide antioxidative defences through scavenging of free radicals. 

Previously, two different groups of researchers back to back studied the free radical 

scavenging activities of the flower fractions. Gayathri, et al., (2011a) studied the ABTS and 

DPPH radical scavenging assays using glycosidic and nonglycosidic fractions of oleander 

flower. Thereafter, Singhal and Gupta (2012) studied in vitro reducing power, lipid 

peroxidation, DPPH, ABTS, superoxide anion, hydroxyl radicals and metal chelation 

activities of methanolic extract of Oleander flower. However, the complete antioxidant and 

free radical scavenging profiles of the leaf, stem and root remained unexplored.  

Evaluation of antioxidant capacity through electron transfer methods are the most popular 

antioxidant assays (Huang, et al., 2005). The assays are based on the following reaction: 

oxidant + electron from antioxidant → reduced oxidant + oxidized antioxidant. Trolox (6-

hydroxy-2,5,7,8-tetramethychroman-2-carboxylic acid) equivalent antioxidant capacity 

(TEAC) is one of the widely used electron-transfer assay to screen antioxidant capacity of 

herbal compounds and functional foods. In this assay, oxidation of ABTS by potassium 

persulfate generates purple oxidizing chromophore ABTS•-, neutralization of which is 

achieved by the electron donating capacity of the test material. The concentration of test 

material giving same percentage of inhibition of ABTS•- compared to the same of trolox is the 

TEAC of the test material. Previously, Gayathri, et al., (2011a) showed that the extent of 

ABTS•+ inhibition for hydro-ethanolic extract, glycosidic and non-glycosidic fractions were 

92.40±0.69%, 80.28±0.35% and 83.99±1.27%, respectively at 100 μg/μl concentration. In the 

present study, NILE, NISE and NIRE demonstrated convincing TEAC value of 0.31±0.00, 

0.325±0.00 and 0.396±0.00, respectively with the extent of inhibition of 74.83%, 83.98% and 

68.65%, respectively at 10 mg/ml. The TEAC values of numerous compounds and dietary 
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supplements have already been reported (Cao, et al., 1998; Pietta, et al., 2000; Gil, 2000; 

Proteggente, et al., 2002; Nielsen, et al., 2003; Pellegrini, et al., 2003). Similarly, different 

bioactive compounds such as ascorbic acid (1.05), α-tocopherol (0.97), ferulic acid (1.90) and 

p-coumaric acid (2.00), caffeic acid (1.00), quercetin (3.00) and kaempferol (1.00) also 

possess high TEAC value (Huang, et al., 2005). DPPH (diphenyl-1-picrylhydrazyl) is another 

simple spectrophotometric assay which evaluates overall antioxidant capacity of test material. 

DPPH is a stable organic nitrogen radical which has an absorbance maxima at 515 nm. The 

purple colour of soluble DPPH fades with gradual increased concentration of the antioxidant 

compounds. In a previous study, Gayathri, et al., (2011a) showed that DPPH percentage of 

inhibition for hydro-ethanolic extract, glycosidic and non-glycosidic fractions of the flower at 

100 μg/μl were 72.20±0.69%, 43.23±1.55% and 60.24±0.86% respectively. Singhal and 

Gupta (2012) also demonstrated that the methanolic fraction of the flower scavenge 95.64% 

DPPH at 500 μg/ml concentration with an IC50 value of 193.37 μg/ml. However, in the 

present study, NILE, NISE and NIRE demonstrated excellent DPPH scavenging activity with 

very low IC50 value. NISE demonstrated better DPPH scavenging activity than NIRE and 

NILE.  

The ABTS radical is a non-physiological free radical which is not found in the living system. 

Thermodynamically, any compound possessing lower redox potential than that of ABTS 

(0.68 V) could scavenge ABTS (Prior, et al., 2005). Moreover, the long lived DPPH radical 

does not possess any similarity with the highly reactive and transient peroxyl radicals in the 

body, responsible for lipid peroxidation (Huang, et al., 2005). Thus, many antioxidants which 

reacts with peroxyl radicals may react slowly or may even remain insensitive to DPPH. ABTS 

and DPPH assays evaluate the overall antioxidant capacity of test material however, 

scavenging assays, precisely aiming towards inhibition of a certain free radical is of current 

interest, because in the free radical forming cascade in the living system, different free 

radicals perform different functions and their activity may in turn affect other free radicals. 

Hydroxyl radical (OH•) holds tremendous potential to damage cellular components, DNA, 

initiate lipid peroxidation and cause carcinogenesis, mutation and cytotoxicity (Packer & Ong, 

1998). In biological system, OH• is generated through Fenton reaction when hydrogen 

peroxide (H2O2) reacts with iron (Fe2+). OH• is extremely short lived which makes it almost 

impossible for the antioxidant materials to directly react and scavenge OH•. However, it is 

possible to restrict the formation of OH• by inhibiting different factors of the Fenton reaction. 

The strategy includes, deactivation of free metal ions (Fe2+) or breakdown of H2O2 to H2O and 
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O2. In this assay, OH• was generated at pH 7.4 by the reaction of ascorbic acid, H2O2 and 

iron-EDTA complex, resulting in degradation of 2-deoxy-2-ribose. Increased concentration of 

Nerium directly scavenged the OH•, which was evident form inhibition of 2-deoxy-2-ribose 

degradation. The results of the assay revealed excellent OH• scavenging activity of the plant 

extracts which were even better than the activity of the classical OH• radical scavenger 

mannitol. In a previous study (Singhal & Gupta, 2012), methanolic extract of the flower 

demonstrated IC50 value of 211.29 μg/ml. However, the activity of NILE, NISE and NIRE 

were better than the previous report as evident from the lower IC50 values. 

Superoxide radical (O2•-) is generated by addition of one electron to molecular oxygen. In 

biological system it is generated through enzymatic reaction catalysed by NADPH oxidase, 

xanthine oxidase and non-enzymatically by redox active compounds such as semi-

ubiquinones, present in the mitochondrial electron transport chain (Augusto & Miyamoto, 

2011). Mitochondria mediated formation of O2•- has been implicated in different derivative 

process like cardiotoxicity, apoptosis, alcoholism related tissue damage and aging (Turrens, 

1997). Oxidation of lipid however, does not get directly initiated by O2
•-, rather formation of 

singlet oxygen from O2
•- results in oxidation to lipid moiety. In most living cells dismutation 

of O2
•- is catalysed by superoxide dismutase (SOD) enzyme which generates O2 and H2O2. 

NILE, NISE and NIRE, in the present study, demonstrated comparatively similar O2
•- radical 

scavenging activities. The activity of standard quercetin was higher than that of the extracts. 

Nitric oxide (NO) is a free radical generated by the conversion of L-arginine to citrulline by 

enzymatic action of NO synthase. As a free radical, NO is relatively non-reactive under 

physiological and pathophysiological conditions (Beckman & Koppenol, 1996). NO is also a 

signalling molecule in cardiovascular, immune and nervous systems and play an active role in 

microbial killing of the host cells. However, NO could couple with O2
•- to generate 

peroxynitrite radical, which possess immense potential to cause cellular damage. Direct tissue 

toxicity and septic shock associated vascular collapse are linked to chronic release of nitric 

oxide radical. Moreover, conditions such as multiple sclerosis, arthritis, juvenile diabetes and 

ulcerative colitis possess association with NO up-regulations (Miller, et al., 1993). In the 

present study, NILE, NISE and NIRE have demonstrated NO inhibitory activity on LPS 

stimulated macrophages, Con A stimulated lymphocytes and from hepatic system under in 

vitro evaluation. Similarly in the present assay, the plant extracts have demonstrated potent 

NO inhibitory activity, which was even effective than the standard curcumin. The NO 
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inhibitory activity of the extracts would not only cut down the extent of reactive peroxynitrite 

formation, but also secure low expectancy of chronic inflammatory symptoms. 

The simplest peroxide, H2O2 is a highly oxidizing agent, capable of inactivating enzymes by 

directly oxidizing the thiol groups (-SH). Formation of H2O2 in biological system could 

possibly occur through enzymatic reaction catalysed by different oxidases. However, SOD 

mediated dismutation of O2
•- radical continuously generates H2O2. Even though H2O2 is a 

potent two electron-oxidant, most damaging effect of H2O2 occurs through the formation of 

H2O2 derived secondary free radicals such as OH• and NO2
●, hypochlorous acid (HOCl) and 

related species (Augusto & Miyamoto, 2011). In phagocytic cells, H2O2 mediated 

uncontrolled generation of HOCl, NO2
- to NO2

● through the action of MPO, results in tissue 

injury and contributes to the pathogenesis of several diseases (Klebanoff, 2005; Davies, et al., 

2008). Under immunological investigations, NILE, NISE and NIRE have shown their 

potentiality to reduce MPO level significantly in murine macrophage cells. However, the in 

vitro H2O2 scavenging activity of the extracts were considerably low compared to the standard 

sodium pyruvate.  

Peroxynitrite anion (ONOO-) though short-lived, but is a highly reactive free radical, 

generated by the coupling of O2•- and NO•. Both ONOO- and its protonated from 

peroxynitrous acid (ONOOH) can initiate one or two electron oxidation of cellular 

biomolecules (Szabo, et al., 2007). ONOO- could inhibit antioxidative enzymes like SOD and 

glutathione reductase, causing inability of cells to combat free radicals. ONOO- mediated 

protein aggregation by oxidation of α-synuclein and microtubule associated tau protein results 

in neurodegenerative complications (Paxinou, et al., 2001; Reynolds, et al., 2006). ONOO- 

activates matrix metalloproteinases, cytochrome c and protein kinase C-ε through nitration, 

which cause induction of pro-inflammatory cascade and apoptotic pathways. Furthermore, 

ONOO- cause impairment in cellular signalling, ionic imbalance, enhancement of cellular 

inflammation, release of mitochondrial death factors and genotoxic damage through a various 

activities such as oxidation, nitration, protein activation, dimerization, nitrosation etc (Szabo, 

2003; Szabo, et al., 2007). One of the most deleterious effect of ONOO- comes from its ability 

to cause lipid peroxidation, which generates malondialdehyde, conjugated diene, formation of 

nitrito-, nitro-, nitrosoperoxo- and nitrated lipid oxidation adducts (Rubbo, et al., 1994). In the 

Evans blue bleaching assay, decolouration of Evans blue resulted due to the oxidation by 

ONOO-. NILE, NISE and NIRE demonstrated convincing dose-dependent ONOO- scavenging 
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activity compared to standard gallic acid, as demonstrated by prevention of  Evans blue 

bleaching with increase in the extract concentrations. 

Singlet oxygen (1O2) is the major cytotoxic species present in eukaryotes (Devasagayam & 

Kamat, 2002). 1O2 is primarily generated through UV mediated photosensitization reaction 

resulting in energy transfer from triplet state of photosensitizer to ground state of molecular 

oxygen (Cadenas, 1989). 1O2 can travel long distance in cellular microenvironment due to its 

longer half-life and cause damage to biomolecules. Lipid peroxidation caused by 1O2 results in 

haemolysis of erythrocytes, damage to cardiomyocytes and degradation of lipid membrane. 
1O2 mediated oxidation of histidine, tryptophan, methionine and tyrosine generates sulphoxide 

and short-lived endoperoxides, which are toxic to other cells (Devasagayam & Kamat, 2002). 

Moreover, the effect of 1O2 on DNA strands are generally strand breakage and/or base 

substitution. Different plant based compounds are known to scavenge 1O2 primarily through 

any one of the two mechanisms i.e. through simple energy transfer (carotenoids) or electron 

transfer (phenolic). In the present study, NILE, NISE and NIRE at 200 μg/ml concentration 

demonstrated moderate 1O2 scavenging activity. The activity of the reference compound lipoic 

acid, was higher than that of the extracts. 

Amongst all the mammalian peroxidase, MPO possess the unique capability to catalyse the 

oxidation of Cl- to HOCl which possess strong oxidizing and chlorinating capacities (Harrison 

& Schultz, 1976; Klebanoff, 1999). The process chiefly takes place in activated neutrophils 

and macrophages at the site of inflammation. The double bonds in the unsaturated fatty acids 

and cholesterol are primarily attacked by HOCl resulting in peroxidation or formation of 

chlorohydrin (Spickett, et al., 2000). HOCl reacts rapidly with proteins, DNA (Prutz, 1996), 

lipids (Winterbourn, et al., 1992), cholesterol (Carr, et al., 1996), free thiols and disulfides 

(Prutz, 1996). The selective oxidizing nature of HOCl preferentially oxidizes certain amino 

acids such as methionine, cysteine, tryptophan, lysine etc (Hawkins, et al., 2003). The N. 

indicum extracts under immunological evaluation demonstrated the potentiality to down-

regulate MPO level in murine peritoneal macrophage. NILE, NISE and NIRE in the present 

study also demonstrated higher HOCl scavenging activities than that of the standard ascorbic 

acid. Therefore, the inhibitory effect N. indicum extracts confirm reduced HOCl mediated 

tissue damage during the inflammatory conditions. 

 In biological microenvironment, transition metals are capable of damaging nuclear proteins, 

DNA, inhibit enzymes and degrade lipid membrane through oxidative reactions (Stohs & 
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Bagchi, 1995; Flora, et al., 2008) which ultimately results in neurotoxicity, hepatotoxicity and 

nephrotoxicity (Stohs & Bagchi, 1995; Chen, et al., 2001). The dual oxidation state of iron 

enables it to donate or accept electrons and participate in redox reactions which is crucial for 

different biological process. However, this property is harmful from the oxidative point of 

view. In excess, iron could mediate the reaction of H2O2 and O2•- through Haber-Weiss 

reaction to generate OH• (Valko, et al., 2004) which in turn, mediates tremendous damage to 

cellular biomolecules. Overload of iron is implicated in a wide variety of pathological 

conditions such as hepatotoxicity, cardiovascular disorders, cancer, neurodegenerative 

disease, diabetes, hormonal imbalance and immune dysfunction (Valko, et al., 2005). Iron-

induced oxidative stress primarily has two implications: (a) failure in redox regulation 

resulting in DNA damage, lipid peroxidation and oxidative protein damage; (b) free radical-

induced activation of signal transduction pathways (Valko, et al., 2005). A plethora of 

evidence suggests the desperate need of metal chelators for the amelioration of metal induced 

oxidative stress (Reeder, et al., 2008). The results of the iron chelation assays suggests 

decrease in dose-dependent colour formation with ferrozine in presence of NILE, NISE and 

NIRE, indicating their potent iron chelating properties. The extent of inhibition of Fe2+ for 

NILE, NISE and NIRE were around 38.91, 16.06 and 16.78%, respectively at 120 μg/ml 

concentration. Even though, the iron chelating capacity and H2O2 scavenging activity of none 

of the extracts were high enough, but from their excellent OH• scavenging activity, it could be 

postulated that the potent inhibition of OH• resulted from direct inhibition of OH• by donation 

of proton, but not through inhibition of the Fenton reaction.  

A common target for most of the free radicals is the lipid membrane of the cells and 

organelles, degradation of which causes serious pathophysiological implications in various 

diseases such as neurodegeneration, inflammation, infection, gastric and nutritional diseases 

(Repetto, et al., 2012). Formation of ferry-perferryl complex or OH• catalysed by iron, 

accelerates the process of lipid peroxidation by decomposing lipid hydroperoxides into 

peroxyl and alkoxyl radicals. Lipid membranes, due to containing high amount of 

polyunsaturated fatty acids and transition metals, are vulnerable to oxidative and nitrosative 

stress (Chance, et al., 1979; Halliwell & Gutteridge, 1984). In the present experiment, NILE, 

NISE and NIRE have demonstrated moderate lipid peroxidation inhibitory activities. The 

activity of standard Trolox was much higher than the extracts. However, NILE, NISE and 

NIRE demonstrated convincing in vivo lipid peroxidation inhibitory activity when evaluated 

for anti-diabetic and hepatoprotective capacity. 
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Among estimated 1200 species of plants used for the treatment of diabetes in traditional and 

ethnopharmacological practices (Hsu, et al., 2009), N. indicum is one such plant which is 

extensively used in ethnomedicine for its anti-diabetic capacities around the world (Bnouham, 

et al., 2002; Hussain, et al., 2013; Jouad, et al., 2001; Rachid, et al., 2012; Tahraoui, et al., 

2007) as well as mentioned in Ayurveda for the same (Sudha, et al., 2011; Middha, et al., 

2012). It is interesting to note that, very recently in a survey at Malda district of West Bengal, 

India, by Saha, et al., (2014), N. indicum was found to be used in one of the anti-diabetic 

formulations practiced by the local tribal people. 

Diabetes is one of the most notorious chronic disorder and a challenge to global healthcare 

system with an estimated 382 million global cases in 2013 and expected 55% increase (592 

million) by 2035 (International Diabetes Federation, 2013). It sounds horrible that every 6 

seconds, a person dies from diabetes and it has been estimated that by the end of 2013, 

globally 5.1 million deaths might have occurred due to diabetes, costing $546 billion USD 

which accounted for 11% of expense in global healthcare (International Diabetes Federation, 

2013). Today, a staggering 80% people suffering from diabetes belong to low- and middle-

income countries (International Diabetes Federation, 2013) and due to easy availability and 

low cost, traditional medicine is the primary therapeutic approach in those countries. Diabetes 

is a chronic disorder characterized by impairment of carbohydrate, protein and fat metabolism 

resulting due to deficiency in insulin secretion accompanied by varying degree of insulin 

resistance (Jarald, 2008). Malfunction in glucose absorption leads to hyperglycaemic 

condition where uncontrolled elevation in glucose level in blood affects body tissue over time 

and subsequently turns into a lethal health complication (International Diabetes Federation, 

2013). 

In the present anti-diabetic evaluation of N. indicum extracts, type 1 diabetes was induced in 

mice by alloxan which is an oxygenated pyrimidine derivative, results in insulin-dependent 

diabetes mellitus exclusively in rodents. Selective uptake of alloxan as a toxic-glucose 

analogue in pancreatic β-cells results in different disorders such as inhibition of glucokinase 

enzyme essential for carbohydrate metabolism, impairment of intracellular calcium 

homeostasis and free radical mediated tissue toxicity, ultimately leading to necrotic death of 

β-cells (Jarald, 2008). The present study focuses on the diabetes associated 

antihyperglycemic, antihyperlipidemic and antioxidative capacities of oleander on alloxanized 

mice. 
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Hyperglycaemia in diabetes leads to critical condition and therefore, modulation of 

carbohydrate metabolism by inhibition of pancreatic α-amylase activity has become an 

essential therapeutic approach in diabetes. Pancreatic α-amylase, a major enzyme of the 

digestive system, responsible for the initial step of catalysis of starch to maltose, maltotriose 

and various α-(1-6) and α-(1-4) oligoglucans. These are further degraded by α-glucosidases 

yielding glucose, which moves to blood stream upon absorption. Rapidly conversion of the 

dietary starch to glucose cause elevated post-prandial hyperglycaemia (Sudha, et al., 2011). 

Eichler, et al., (1984) previously demonstrated that the post-prandial glucose level directly 

correlates with the pancreatic α-amylase activity. Therefore, under diabetic condition, 

regulation of both α-amylase and α-glucosidases remains quintessential from the therapeutic 

point of view. Ishikawa, et al., (2007) reported that anti-hyperglycaemic potentiality of N. 

indicum is through the inhibition of α-glucosidases like maltase and sucrose. They also 

isolated chlorogenic acid fractions from the hot water leaf extracts of Nerium and 

demonstrated that the compounds inhibited α-glucosidases through a non-competitive 

mechanism. The average IC50 value was calculated to be 3.05 mM. However, in this respect, 

the α-amylase remained unchecked. In this study, dose dependent α-amylase inhibitory 

activity of the extracts concludes that NILE, NIRE and NIRE could be utilized as an anti-

nutritional supplement to block the breakdown of carbohydrates to delay the intestinal 

absorption of glucose. Therefore, the extracts possess inhibitory effect on both the primary 

enzymes of complex carbohydrate catabolism and thereby cause delay in primary breakdown 

of carbohydrates to monosaccharides. This leads to slower absorption of glucose and 

subsequently lower postprandial blood glucose level.  

Regulation of blood glucose level is one of the quintessential parameter in anti-diabetic 

strategy and various plant extracts were reported to exert anti-hyperglycaemic activities 

through protection of pancreatic β-cells from free radical medicated damage, restoration of β-

cells activity, stimulation of insulin release, elevation of peripheral glucose absorption etc 

(Mohammad, et al., 2012). Once hyperglycemia becomes apparent, function of β-cell 

gradually decreases, glucose-induced insulin secretion becomes low and degranulation of β-

cells accompanied with their decrease in number is often detected (Porte, 1990; DeFronzo, et 

al., 1992; Yki-Jarvinen, 1992; Vinik, et al., 1996). A previous anti-hyperglycaemic study with 

N. indicum aqueous extract showed no sub-acute glucose reduction at 500 mg/kg dose 

(Sikarwar, et al., 2009). In alloxan induced diabetic model, the researchers demonstrated that 

after a week of treatment, blood glucose level were around 0.40, 0.27, 0.48 and 0.81 fold 
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lower in case of N. indicum methanol, chloroform, aqueous and petroleum ether extract 

compared to diabetic control. On the contrary, Ishikawa, et al., (2007) showed that N. indicum 

water extract lowers blood glucose level in maltose and sucrose loaded rats but at very high 

dose of 16 g/kg. They further reported that the blood glucose lowering capacity of N. indicum 

water extract was only specific towards disaccharide and had no effect on glucose loading. 

Nevertheless, in the present study, blood glucose levels were found to be significantly lower 

in the treated diabetic animals both after 20 consecutive days of treatment. Among the groups, 

blood glucose lowering capacity of NILE at 200 mg/kg was found to greater than the 

reference drug glibenclamide. Similar lowering of blood glucose level was also found under 

hepatoprotective evaluation. 

Cytotoxicity to pancreatic β-cells due to alloxan induced DNA alkylation and production of 

free radicals, leads to preliminary islet inflammation followed by gradual infiltration of 

macrophages and lymphocytes. This results in downfall of insulin level and eventually leads 

to persistent hyperglycaemic condition. Direct free radical mediated cytotoxicity to β-cells 

cause lower insulin level, leading to abnormal glucose metabolism. Alloxan inhibits 

glucokinase enzyme causing inhibition of glucose induced insulin secretion. Besides, it causes 

reduction in glucose oxidation and ATP formation that further leads to the inhibition of 

insulin secretion (Lenzen, 2007). In a previous study of anti-hyperglycaemic activity of 

oleander, Bas, et al., (2012) demonstrated that the insulin level in diabetic mice with high fat 

diet was elevated around 3.30 fold compared to control, which was attenuated around 50% by 

treatment with oleander distillate at 750 μg/ml dose. In the present study, insulin level in the 

an untreated diabetic animals was decreased 0.35 fold compared to non-diabetic animals. The 

insulin level, due to treatment with 200 mg/kg dose of NILE, NISE and NIRE were elevated 

around 2.07 fold, 1.34 fold and, 1.38 fold, respectively compared to diabetic animals. In fact, 

NILE high group resulted in 1.04 fold higher insulin level than standard glibenclamide treated 

group. Improvement of the insulin level accompanied with α-amylase inhibitory activity 

would aid in slower release of glucose and its faster absorption in blood, thereby ensuring a 

better regulation of hyperglycaemic condition. 

Oral glucose tolerance test (OGTT) is crucial to evaluate body’s efficiency to handle sugar 

and concludes regarding the risk of getting diabetes. Around 30% cases of previously 

undiagnosed diabetes remains undetected when evaluated alone using fasting glucose level 

parameter (WHO, 2006). OGTT is the only means for detection of impared glucose tolerance 

in asymptomatic people. In a previous report, however, with lacking data of the diabetic 
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control, Sikarwar, et al., (2009) demonstrated that treatment with chloroform extract of N. 

indicum leaves exerts higher glucose tolerance in rats compared to methanolic, aqueous and 

petroleum ether extract of the same. NILE, NISE and NIRE in the present study, resulted in 

the improvement in glucose tolerance in the diabetic animals, compared to control. The blood 

glucose level on 3 h post-glucose oral feeding were 79.00±14.93 mg/dl, 325.66±12.34 mg/dl, 

76.66±13.42 mg/dl, 135.33±9.71 mg/dl and 151.33±7.02 mg/dl, respectively for normal 

control, diabetic control, NILE high, NISE high and NIRE high group. This suggests 

improvement of peripheral glucose utilization after 20 consecutive days of treatment. This 

resulted due to the amelioration of impaired glucose metabolism and insulin secretion, which 

further increased the peripheral insulin sensitivity and the rate of glucose clearance from the 

blood in the extract treated animals. 

Glycated haemoglobin (HbA1c) is formed irreversibly by non-enzymatic coupling of blood 

glucose with the amino group of valine and lysine residue of haemoglobin. HbA1c is a direct 

measure of blood glucose as the amount of HbA1c is proportional to glucose load in blood. 

The correlation between HbA1c and retinopathy is similar to that of glucose load (WHO, 

2011). In current study, the elevated HbA1c level in diabetic control was eventually lowered 

due to administration of the extracts. Compared to diabetic control, HbA1c level was 0.72 

fold, 0.84 fold and 0.86 fold lowered in 200 mg/kg dose of NILE, NISE and NIRE. Bas, et al., 

(2012) reported similar result with oleander shoot distillate witch demonstrated similar 

HbA1c lowering capacity in streptozotocin-induced diabetic rats. The results implicated lower 

glucose carriage by the erythrocytes which may have resulted due to better absorption of 

glucose by improved insulin level. The extracts may thus, cut the risk of microvascular 

complications such as retinopathy, nephropathy, and neuropathy which arise from higher 

HbA1c level.  

Usually decrease of body weight is found associated with diabetic conditions. However, the 

present study demonstrated body weight gain in diabetic animals, which might have occurred 

as a result of elevated triglyceride level in untreated diabetic animals. Earlier, correlation 

between body weight and triglyceride level has already been shown (Despres, et al., 1989; 

Bray, 2004). Moreover, higher level of uric acid has also been seen associated with elevated 

body mass index (Oyamada, et al., 2006) as well as pathogenesis of diabetic conditions 

(Johnson, et al., 2013). In the extract treated groups, drastic increase in body weight change 

has not been observed in any case. A previous report of Gayathri, et al., (2011b) might answer 

the cause, which demonstrated body weight lowering capacity of oleander extract through 
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triglyceridemic activity. Moreover, leptin, which trends to be higher in obese individuals 

(Considine, et al., 1996), was found to be much lower in oleander distillate treated animals 

compared to untreated diabetic animals (Bas, et al., 2012).  

Glucose is stored in liver and skeletal muscle in the form of glycogen and insulin regulates 

glucose utilization. Liver glycogen level increase due to elevated glycogenesis and/or 

decrease in glycogenolysis. Moreover, the activity and amount of glucokinase and 

phosphofructokinase is influenced by insulin resulting hepatic glycolysis (Dodamani, et al., 

2012). Insulin promotes glycogen deposition by regulating glycogen synthase and inhibiting 

glycogen phosphorylase. Low hepatic glycogen content in poorly controlled diabetic patients 

or in case of reduced gluconeogenesis or increased peripheral glucose hyperinsulinemia, may 

result in hypoglycaemia in type 1 diabetic patients (Riddell, 2012). Prolonged 

hypoinsulinemia or hyperglycaemic conditions might also leads to lower glycogen level 

followed by dehydration and electrolyte imbalance (Jimenez, et al., 2007). The present 

investigation exhibited significant (P<0.001) lowering of hepatic glycogen (0.42 fold) due to 

alloxan diabetes and its restoration by the N. indicum extract treatments. At 200 mg/kg dose, 

the extent of hepatic glycogen restoration by NILE, NISE and NIRE were 1.48 fold, 1.25 fold 

and 1.39 fold, respectively compared to diabetic control. The extracts may have restored the 

alloxan toxified β-cells by protecting through free radical scavenging activity which 

eventually resulted in gradual increase in insulin level and influence the restoration of hepatic 

glycogen. Besides, the increased glucose absorption as demonstrated by OGTT, contributed in 

the conversion of blood glucose to glycogen and its further restoration in hepatic tissue.  

Free radical mediated metabolic abnormalities are responsible for microvascular 

complications such as retinopathy, nephropathy, and neuropathy in hyperglycaemic and 

diabetic conditions. In different tissues, ROS are chiefly produced through the glycation 

reaction in diabetes (Sakurai & Tsuchiya, 1988; Hunt, et al., 1990). During this process, 

glucose in enediol form is oxidized to an enediol radical anion in a transition metal dependent 

process, the anion in turn is thereafter converted into reactive ketoaldehydes and O2
•- 

(Maritim, 2003). Oxidative stress in diabetic conditions may causes various forms of tissue 

damage in patients with diabetes (Kaneto, et al., 1999). Elevated blood glucose level 

generates overproduction of superoxide radicals (O2
•-) and H2O2 (Ceriello, et al., 2002) which 

in turn interferes with nitric oxide metabolism in endothelial cells as well as held responsible 

for microvascular complications in hyperglycaemia (Scott & King, 2004). Impairment of the 

major antioxidant enzymes such as catalase, peroxidase and superoxide results in induction of 
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diabetic complications (Sindhu, et al., 2004). Alloxan participates in a cyclic redox reaction 

with intracellular thiols to produce reactive oxygen species (ROS) leading to β-cell toxicity. 

Autoxidation of alloxan derived dialuric acid generates O2
•-, H2O2 and hydroxyl radical (OH•) 

(Lenzen, 2007). Superoxide dismutase converts superoxide radical (O2
•-) to H2O2, which in 

turn is converted to O2 and H2O by catalase (CAT) and peroxidase (PX) activity. 

Hyperglycemia is found to promote peroxidation of low density lipoprotein through a 

superoxide-dependent pathway (Tsai, et al., 1994; Kawamura, et al., 1994). Furthermore, 

diabetes mellitus has been recognized to be associated with free radical mediated lipid 

peroxidation leading to atherosclerotic and cardiovascular mortality. In this autocatalytic 

process, polyunsaturated fatty acids in the plasma membrane undergo degradation forming 

lipid hydroperoxides such as MDA (Tangvarasittichai, et al., 2009). The reactive carbonyl 

compound MDA is a natural lipid peroxidation derivative and MDA concentration increases 

in the circulation in diabetes mellitus conditions. The N. indicum extracts under  antioxidant 

evaluation has already demonstrated O2
•-, H2O2, OH• scavenging capacity in addition to 

inhibition of lipid peroxidation activity in vitro. Moreover, the extracts have also 

demonstrated inhibition of lipid peroxidation in association with normalization of liver 

catalase and peroxidase activities under hepatoprotective evaluation. In this case, ROS 

mediated oxidative stress in alloxan induced diabetes was confirmed through the increase of 

MDA in the alloxanized mice and the extracts had demonstrated stabilization of CAT and PX 

activities in liver, kidney and skeletal muscle in addition to protection from ROS mediated 

lipid peroxidation in terms of decrease in MDA content in systemic circulation. The present 

outcomes corroborated the previous findings of Gayathri and her group (2011a), who showed 

that hydromethanolic extract of the oleander prevented lipid peroxidation by means of 

normalization of antioxidative enzymes and scavenging of free radicals.  Besides, Singhal and 

Gupta (2012) also demonstrated capacity of oleander flower methanolic extract to normalize 

liver SOD and inhibit lipid peroxidation under in vivo hepatoprotective evaluation. 

Hepatotoxicity and nephropathy are accentuated results of diabetes mellitus. Liver disease is 

one of the leading cause in diabetes. In the population-based Verona diabetes study, liver 

cirrhosis was found to be the fourth leading cause of mortality which accounted for around 

4.4% of diabetes related deaths (de Marco, et al., 1999). Liver cirrhosis accounted for 12.5% 

mortality in diabetic patients in another prospective cohort study (Balkau, et al., 1991). 

Virtually the entire spectrum of liver disease such as abnormal liver enzymes, nonalcoholic 

fatty liver disease (NAFLD), cirrhosis, hepatocellular carcinoma, and acute liver failure are 
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found associated with diabetes. Hence, patients with diabetes show high prevalence of liver 

disease and vice versa (Tolman, et al., 2007). Hepatic damage leads to leakage to various liver 

marker enzymes such as alanine aminotransferase (ALT) and aspartate aminotransferase 

(AST) into the blood circulation. Several prospective studies have reported positive 

correlation between hepatic transaminase and diabetes mellitus (Ahn, et al., 2014). In the 

present study, substantial decrease in liver marker enzymes such as ACP, ALP, AST, ALT 

due to N. indicum treatment in alloxanized animals corroborates the findings of Singhal and 

Gupta (2012) who formerly demonstrated under hepatoprotective evaluation that oleander 

flower extract normalizes AST, ALT and ALP levels possibly through antioxidative 

mechanism. Excess free fatty-acids in serum, peroxisomal β-oxidation, ROS mediated 

production of toxic lipid peroxidation by products and hepatic inflammation results in 

elevated transaminase level (Harris, 2005). Besides, increase in hepatic phosphatase activity 

due to excessive hepatic phosphorylation in alloxanized animals is well established (Drabkin 

& Marsh, 1947). Furthermore, alloxan induced free radical mediated hepatic inflammation 

was minimized due to the anti-inflammatory and antioxidative effects of N. indicum extracts, 

these properties has already been demonstrated by NILE, NISE and NIRE under anti-

inflammatory and antioxidant evaluation. The present observation that SGOT and SGPT 

levels were significantly elevated in the diabetic control group corroborates with the previous 

findings that chronic elevation of hepatic transaminases are common in diabetic patients 

(Ahn, et al., 2014). Additionally, renal morbidity and mortality resulting due to diabetic 

nephropathic symptoms such as renal atherosclerosis, urinary tract infections, papillary 

necrosis and glomerular lesions causes chronic kidney failure. Elevated serum urea, uric acid 

and creatinine levels are the hallmark of kidney dysfunction. In fact, low serum insulin level 

in diabetes condition results in inadequate carbohydrate derived energy leading to increase in 

protein catabolism, causing glomerulo-dysfunction, which may be the root to elevated urea, 

uric acid and creatinine levels in serum. Therefore, N. indicum mediated increase in insulin 

level and improvement in carbohydrate metabolism contributed in amelioration of diabetic 

nephropathy. The antioxidative protection rendered by N. indicum may likewise functioned in 

safeguarding the renal system as free radical facilitated oxidative stress possess serious 

implications on kidney disease in diabetes (Forbes, et al., 2008). N. indicum has demonstrated 

to elevate the urea, uric acid and creatinine levels in diabetic animals which is a positive sign 

in amelioration of diabetic nephropathy. 
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Diabetes associated cardiovascular diseases such as angina, myocardial infarction, stroke, 

peripheral artery disease, and congestive heart failure are the most prevalent cause of 

mortality among diabetic patients results due to high blood glucose and hyperlipidemia 

(International Diabetes Federation, 2013). Severe retinopathy leading to complete blindness 

due to blockage of blood vessels of eye may result in diabetes due to high cholesterol level. 

Elevation of cholesterol and triglyceride levels during diabetic condition is the demarcation of 

abnormality in lipid metabolism causing hyperlipidemia. Marked increase in liver triglyceride 

is seen in non-alcohol fatty liver disease in diabetes (Harris, 2005). In fact, malfunction of β-

cells in insulin production or insulin resistant condition may give rise to hyperlipidemia as 

insulin possess inhibitory effect on 3-hydroxy-3-methyl-methylglutaryl coenzyme-A, a key 

enzyme of cholesterol biosynthesis (Ghoul, et al., 2012). Severe retinopathy leading to 

complete blindness due to blockage of blood vessels of eye may result in diabetes due to the 

high cholesterol. In the present study, the increased levels of triglyceride and cholesterol were 

brought back to normal by administration of the extracts, which represented anti-

hyperlipidemic role of N. indicum. The present findings correlates with two previous 

interconnected studies by Gayathri and her group (2011b, 2013) who demonstrated 

antihyperlipidemic activity of oleander flower by studying cholesterol, triglyceride, very low-

density lipoprotein (VLDL) and lipolytic enzymes. Thus, diabetes associated cardiovascular 

disorders could be attenuated by N. indicum treatment, attributed to its anti-hyperglycaemic 

and antihyperlipidemic activities. 

In the present immunopharmacological evaluation of N. indicum, NILE, NISE and NIRE were 

tested for their potentiality to ameliorate haloalkane xenobiotic induced hepatotoxicity in 

murine model. The hepatoprotective potentiality of N. indicum directly correlates with its 

antioxidant and anti-diabetic activities. 

Liver is associated with most of the metabolic and physiological process including growth, 

immunity, nutrition, energy metabolism and reproduction. Liver performs central role in the 

transformation and metabolism of xenobiotic compounds, which in turn, damages the liver 

itself (Subramoniam & Pushpangadan, 1999). Other extrinsic causative agents behind hepatic 

injury include chronic alcoholism, viral infections, hepatocarcinoma etc (Lu, et al., 2012). 

Halogenated alkanes are organic xenobiotics which are among the most harmful 

environmental toxicants (Belkin, 1992) capable of exerting tremendous hepatic injury. 

Susceptibility of liver to xenobiotic induced injury is because of its portal location within the 

blood circulation, central role in metabolism and the physiological structure of the liver 
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(Sturgill & Lambert, 1997; Jones, 1996). Though liver possess tremendous regenerative 

capacity but very often subclinical live injury occurs due to various xenobiotics such as toxic 

chemicals, drugs and their metabolic intermediates. Around the globe, drug induced 

hepatotoxicity has emerged as a serious medical concern where 10% of cases of acute liver 

failures were found to be associated with idiosyncratic xenobiotic-reactions (WHO, 1998). 

Liver is one of the crucial organs of the body and therefore, requires safeguard from the 

harmful xenobiotics. 

CCl4 is a potent environmental toxin (Thomas & Aust, 1986). The hepatotoxicity of the 

haloalkane is primarily governed by trichloromethyl radical (CCl3
•) which is a derivative of 

cytochrome activated CCl4 (Weber, et al., 2003). CCl3• promotes lipid peroxidation, steatosis 

and hepatocarcinoma. It further couples with diatomic oxygen to form highly reactive 

trichloromethylperoxy radical (CCl3OO•) which in turn affects mitochondria, endoplasmic 

reticulum and plasma membrane permeability resulting in loss of cytosolic Ca2+ sequestration 

and homeostasis (Weber, et al., 2003). CCl4 is a model hepatotoxic inducer while silymarin 

from milk thistle (Silybum marianum), remains an universal positive control to assay 

hepatoprotective activity of the natural compounds. Use of herbal remedies as 

hepatoprotective therapy has been practised in various traditional medicinal systems for ages. 

There are around 77 herbal formulations mentioned in Ayurveda to have hepatoprotective 

capacity (Selim & Kaplowitz, 2003). N. indicum one such Ayurvedic plant with 

hepatoprotective potentials (Singhal & Gupta, 2012).  

Hepatic injury and hepatotoxicity are primarily characterized by leakage of hepatobillary 

enzymes i.e. transaminases and phosphatases form liver to the blood circulation (Amacher, 

2002). In the present study, CCl4 toxicity have demonstrated considerable increase in serum 

ACP, ALP, bilirubin, cholesterol, GGT, glucose, LDH, GOT, GPT and urea levels, whereas 

serum albumin and protein levels were decreased. The results of in vitro analysis are 

comparable with the in vivo study, demonstrating similar pattern of changes in the enzymatic 

and biochemical parameters. Similar results were found by Singhal and Gupta (2012) who 

demonstrated anti-hepatotoxic activity of Nerium flower extract by down-regulation of AST, 

ALT, APL and bilirubin level in serum. Furthermore, Gayathri and her group (2011a) 

previously demonstrated that a bioactive fraction of Nerium flower prevented elevation of 

LDH, GGT, AST, ALT, ALP and creatinine levels on isoproterenol-induced oxidative stress 

in rats. In addition, Gayathri, et al., (2011b) in an interconnected study, further showed that 

Nerium flower extract possess hypolipidemic capacity which corroborates the LDH and 
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cholesterol lowering potentials of N. indicum extracts in the present study. The N. indicum 

extracts also demonstrated significant glucose level lowering capacity which correlated with 

its hypoglycaemic activity demonstrated under anti-diabetic evaluation. 

CCl4 toxicity in the experimental animals resulted in significant weight loss as well as highest 

relative liver weight among all the groups. The extent of increase in body weight was lower in 

NILE, NISE and NIRE treated groups compared to control. This may have resulted due to 

body weight lowering capacity of Nerium contributing to its potent anti-hyperlipidemic 

activity as demonstrated by Gayathri et al., (2011b). Lower relative liver weight in NILE 

treated animals compared to CCl4 group reflected prevention of fatty liver formation on CCl4 

toxicity (Becker, et al., 1987). 

In spite of high recovering potential, administration of drugs often cause tremendous 

hepatocellular necrosis. On activation by cytochrome, CCl4 muddles cellular homeostasis by 

primary and secondary bond formation. In the present study, the potentiality of N. indicum 

was evaluated to prevent CCl4 mediated cell necrosis by MTT method. This is a routinely 

used system to evaluate in vitro hepatoprotective activity of plant extracts on primary 

hepatocytes and/or HepG2 cells (Pramyothin, et al., 2007; Oskoueian, et al., 2014; Chen, et 

al., 2011) because cultured hepatocytes can be considered biochemically equivalent to intact 

hepatic system (Weber, et al., 2003). In this assay, the succinate-tetrazolium reductase 

enzyme of the mitochondrial respiratory chain of metabolically active hepatocytes reduced the 

tetrazolium salt to form purple formazan, the absorbance (540 nm) of which was proportional 

to the viable hepatocytes. The results indicate that number of viable cells were significantly 

higher in the extract treated groups compared to CCl4 treated group. This demonstrated the 

capacity of N. indicum to prevent haloalkane induced direct hepatocyte necrosis. 

Due to the formation of metabolic intermediates and subsequent alteration in cellular 

biochemical response, different reactive species are generated in hepatotoxicity which 

eventually leads to cellular damage. The mammalian antioxidant defence enzymes remains 

inactivated or dominated in such stressful conditions. CCl4 toxicity generates free radicals and 

cause intense lipid peroxidation which inactivate these enzymes causing reduction in 

antioxidative defence activity (Tsai, et al., 2009). Peroxidase is an essential enzyme in 

detoxification of xenobiotic induced hepatic injury, which functions in reduction and 

conversion of hydroperoxides and lipid peroxides into harmless species. Catalase scavenge 

H2O2 and protects cellular biomolecules from the generation of highly reactive hydroxyl 
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radical. Inhibition of these enzymes during hepatocellular stress cause accumulation of O2•-

and H2O2 which accentuate a cascade of free radical formation (Muller, et al., 2007). 

Furthermore, the CCl4 derived trichloromethylperoxy radical (CCl3OO•) abstracts proton from 

polyunsaturated fatty acids and initiates lipid peroxidation (Weber, et al., 2003). The reactive 

carbonyl compound MDA is a natural lipid peroxidation by-product. Increase in MDA level 

in the serum due to CCl4 administration is the hallmark of oxidative stress in liver. NILE, 

NISE and NIRE had demonstrated various free radical scavenging activities including 

neutralization of OH•, NO, O2•-, 1O2, ONOO- as well as demonstrated in vitro inhibition of 

lipid peroxidation under evaluation of antioxidant activities. We have also demonstrated 

normalization of catalase and peroxidase activities in liver, kidney and skeletal muscle in 

mice as well as decreased MDA content in serum under anti-diabetic evaluation. In addition, 

Singhal and Gupta (2012) have also previously shown that Nerium extract normalizes hepatic 

superoxide dismutase (SOD) level on CCl4 induced hepatotoxicity. Gayathri, et al., (2011b) 

further showed that Nerium flower prevented lipid peroxidation by maintaining the levels of 

SOD, glutathione peroxidase, reduced glutathione and nitrite. The present study thus, 

corroborated the previous findings which demonstrated antioxidative potential of Nerium. 

Suppression of catalase and peroxidase activity due to CCl4 administration was evident by 

increased oxidative stress, resulting in lipid peroxidation. Increased MDA and decreased 

antioxidant enzymatic activity was subsequently attenuated by NILE treatment hence, 

reflecting on its potent antioxidant mediated hepatoprotective activity. 

CCl4 induces inflammation in hepatocytes causing releases of the pro-inflammatory cytokine 

TNF-α. Due to CCl4 exposure, protein synthesis is severely hindered, thereby initiating TNF-

α mediated pro-inflammatory response (Weber, et al., 2003). Up-regulation of TNF-α has 

been identified in case of various acute liver diseases and its association has been found with 

CCl4 mediated hepatotoxicity. Gabele, et al., (2009) have demonstrated through bile duct 

ligation model that TNF-α actively potentiates hepatotoxicity and fibrogenesis. During CCL4 

mediated hepatotoxicity, liver Kupffer cells are activated which secret a vast array of 

cytokines (IL-1, IL-6, IL-8, TNF-α) and chemokines (MIP-2, IP-109, MCP-1, KC/GRO), 

many of which initiates hepatic inflammation and induce toxicity either by direct cellular 

damage or by chemoacttracting neutrophils and lymphocytes (Afford & Lalor, 2006). Due to 

CCl4 treatment, 1754.58% increase in TNF-α expression was observed in cultured 

hepatocytes, which was  down-regulated significantly (P<0.001) due to NILE, NISE and 

NIRE. NILE high, NISE high and NIRE high groups demonstrated 6.83 fold, 3.48 and 2.60 
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fold decrease in the TNF-α expression respectively compared to CCl4 group. The efficiency of 

TNF-α suppression by the extracts were higher compared to silymarin. NO is another 

inflammatory mediator of CCl4 induced hepatotoxicity and it’s overproduction is associated 

with endotoxin shock and various modes of inflammatory hepatic injury (Al-Shabanah, et al., 

2000). TNF-α stimulates inducible nitric oxide synthase (iNOS) in liver parenchymal and 

non-parenchymal cells to form NO, which causes nitrosative stress. In mitochondria, excess 

NO may react with superoxide radical (O2
•-) to produce reactive peroxynitrite (ONOO-) 

radical. NILE in this regard proved to be potent inhibitor of CCl4 induced NO production and 

thus, hepatoprotective in nature. Moreover, in the present study the N. indicum extracts 

demonstrated the significantly inhibition of free radical NO. In addition, the extracts have also 

significantly inhibited the NO level in Con A stimulated lymphocytes and LPS stimulated 

macrophages in vitro. Therefore, with the inhibition of TNF-α and NO in hepatocytes, the N. 

indicum extracts exerted anti-inflammatory effects on hepatocytes and thereby protects further 

tissue damage. 

Comparative analysis of the various signs of liver damage demonstrated extensive hepatic 

tissue damage occurred in CCl4 group. Usually the earliest histological evidence of liver 

tissue degeneration emerges around 6 h after CCl4 administration which is evident from 

prominent signs of necrosis (Lockard, et al., 1983) followed by central zonal necrosis around 

12 h post CCl4 administration. Increased microsomal fatty concentration is generally seen 3 h 

post CCl4 administration (Recknagel & Anthony, 1959). Treatment with both silymarin and 

the extracts demonstrated the renewal of healthy liver histology with much lesser injury score 

than the CCl4 group. Prominent nucleus containing hepatocytes and well conserved cytoplasm 

were visible in control, while deformed nucleus in amoeboid overlapped hepatocytes were 

observed in CCl4 group. The loosely packed cells were the evidence of loss of tissue 

integration in CCl4 group. The pro-inflammatory cytokine TNF-α, a secondary mediator of 

CCl4 induced tissue damage, was down regulated by the extracts. This was histologically 

evident as the inflammatory signs were less in silymarin and extract treated groups. Presence 

of fatty infiltration in CCl4 group reflected the extensiveness of lipid peroxidation. Vascular 

congestion and deformity in hepatic nodular structures were evident in CCl4 group and its 

retrieval was visible in the silymarin and extract treated liver sections. In general, the normal 

liver architecture was well preserved in case of silymarin and extract treated groups than the 

CCl4 group. 
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In the present study, chemical characterization of NILE, NISE and NIRE were performed 

using biochemical and spectrophotometric methods, Fourier Transform Infrared Spectroscopy 

(FTIR), High Performance Liquid Chromatography (HPLC) and Gas Chromatography-Mass 

Spectrometry (GC-MS) analysis. The results identified the presence of various classes of 

phytocompounds which directly correlated with the bioactivities of the N. indicum extracts. 

Initial phytochemical qualitative screening identified the presence of tannin, phlobatannins, 

terpenoids, glycosides, phenolics, flavonoids, alkaloids, saponins, proteins and carbohydrates. 

Cholesterol, compound steroids and anthraquinones were only identified respectively in leaf, 

stem and root. These are the essential constituents of herbal medicine and also commonly 

detected in most of the angiosperms. 

Alkaloids are ubiquitous in plant system and the pharmacological activities of different 

alkaloids, isolated from plants, are well known. Most alkaloids from plants primarily 

modulates the neurotransmitters (Robetrs & Wink, 1998). However, different alkaloids 

isolated from plants such as opium, strychnine, piperine, reserpine, caffeine, quinine, 

cinchonine, colchicine and vinca alkaloids are well established for their wide range of 

pharmacological activities. In recent years, several bioactive alkaloids were identified which 

demonstrated their potent anti-inflammatory activities by inhibiting COX activities (Souto, et 

al., 2011). Plant phenolics are broadly categorized into very common phenolic acids, 

flavonoids, tannins and less abundant stilbenes and lignans. Phenolics are considered as 

potent free radical scavengers than vitamin C, vitamin E and carotenoids (Dai & Mumper, 

2010). Reduced risk of cardiovascular disorders, cancers and osteoporosis are associated with 

the consumption of phenolic rich fruits and vegetables. Numerous phenolics are identified 

which possess potent anti-diabetic (Asgar, 2013) and hepatoprotective (Madrigal-Santillan, et 

al., 2014) activities and their activities are chiefly governed by their antioxidant and free 

radical scavenging properties. Moreover, phenolics are considered as the alternative to 

conventional anti-inflammatory therapeutics in case of chronic inflammatory diseases 

(Sergent, et al., 2010). Flavonoids are one of the most ubiquitous phenolic compounds found 

in plants and are associated with diverse bioactivities such as anti-hyperglycaemic, 

antioxidant, hepatoprotective, immunomodulatory, cardioprotective, anti-microbial activities 

and more (Tapas, et al., 2008). Glycosides are diverse classes of compounds which are natural 

derivatives of vitamins, phenols, alkaloids, glycopeptides, cardiac glycosides, steroid, 

terpenoid etc. with various bioactivities. Different cardiac glycosides have already been 

isolated from N. indicum which have already demonstrated promising anti-cancer activities 
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(Newman, et al., 2008). Besides, three essential micronutrient i.e. thiamine, riboflavin and 

ascorbic acid were identified in N. indicum which not only play profound role in maintaining 

the normal health status but also are capable of scavenging harmful free radicals through their 

potent antioxidant activities. 

HPLC analysis was employed to identify and quantify various phenolic metabolites present in 

N. indicum extracts. Vanillic acid (VA) was identified in all the extracts, however, syringic 

acid (SA), ferulic acid (FA) and myricetin (MY) were found both in NISE and NIRE. Apart 

from that, NILE contained gallic acid (GA), 4-hydroxy benzoic acid (4HBA), p-coumaric acid 

(PCA), jasmonic acid (JA), rutin (RU), o-cresol (oCRE) and 3,4-xylenol (XYL); NISE 

contained 4HBA. Previously, Newman and his group (2001) identified different 

carbohydrates in aqueous extract of oleander leaf using HPLC method. Furthermore, cinnamic 

acid, chlorogenic acid, RU, catechin the epicatechin, quercitin, quenonic acid and shikimic 

acid were identified in the leaves using HPLC analysis (Siham, et al., 2014). Nigam and 

Niranjan (2014) had isolated RU, gossypin and different glycosides of quercetin and 

kaempferol from different varieties of oleander. Very recently ellagic acid, methyl gallate, 

catechin and reserpine were identified in 70% hydro-methanolic extract of N. indicum leaf 

(Ghate, et al., 2015). Moreover, several other bioactive phytochemicals such as phytol, 

tochoferol, vanillin , methylparaben, stigmasterol, sitosterol etc. were also identified using 

GC-MS analysis. A detailed account the known bioactivities of the identified compounds are 

presented in Appendix C. The aforementioned compounds has also been reported in various 

other bioactive plant extracts. In the present study, the antioxidant, anti-diabetic, 

hepatoprotective, immunomodulatory and anti-inflammatory activities demonstrated by 70% 

hydromethanolic extracts of N. indicum resulted possibly due to the synergistic activities of 

these bioactive phytochemicals. 
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6.  
CONCLUSION 



Conclusion 
The present study provided scientific evidence of the therapeutic efficiencies of N. indicum 

which were claimed in the ethnopharmacological domain. The entire work was performed 

with 70% hydromethanolic extract of N. indicum because this extraction process is generally 

considered one of the best method for extraction of the phenolic and flavonoid compounds, 

which are known responsible for bioactivities of any herbal medicine. Moreover, in 

ethnopharmacology, the majority of the medicines are actually tinctures, prepared through 

similar hydroalcoholic solvent extraction process.  

Initial screening of NILE, NISE and NIRE was performed through the evaluation of their anti-

oxidant and free radical scavenging activities. At first, the overall antioxidant capacity was 

confirmed by DPPH (IC50: 217.15±18.39, 63.56±1.63 and 166.18±6.84 μg/ml) and TEAC 

(TEAC value: 0.316±0.002, 0.396±0.001 and 0.325±0.003) assays, which revealed 

satisfactory bioactivities of the extracts. Thereafter, selective free radical scavenging assays 

were performed against different free radicals to find out whether the extracts could 

demonstrate inhibitory activity on individual free radicals. NILE, NISE and NIRE in case of 

OH• (IC50: 29.65±0.21, 118.68±1.11 and 208.16±6.70 μg/ml) and NO (IC50: 46.56±3.42, 

23.56±1.16 and 62.43±4.55 μg/ml) and NILE and NISE in case of HOCL (IC50: 124.74±1.91 

and 162.25±10.31 μg/ml) scavenging activity demonstrated better efficacy than the respective 

standards (IC50: OH• (mannitol) 571.45±20.12 μg/ml; NO (curcumin) 90.82±4.75 μg/ml; 

HOCL (ascorbic acid) 235.96±5.75 μg/ml). The results of the free radical scavenging assays 

were convincing, which led us to evaluate possible in vitro lipid peroxidation inhibitory (IC50: 

113.77±8.89, 199.17±33.51 and 110.03±12.75 μg/ml) and iron chelation (IC50: 216.70±9.82, 

659.95±48.64 and 698.38±39.00 μg/ml) activities of the extracts. Total phenolic (72.62±.08, 

81.54±0.05 and 87.38±0.16 mg/ml GA equivalent per 100 mg extract) and flavonoid 

(93.06±0.03, 67.4±.06 and 64.08±0.002 mg/ml quercetin equivalent per 100 mg extract) 

contents were also estimated in parallel to the antioxidant assays as the antioxidant capacity of 

any herbal formulations rely mostly on the load of both classes of phytocompounds. On later 

part of this study, the protective role of N. indicum through its antioxidative properties were 

also demonstrated under in vivo anti-diabetic and hepatoprotective evaluations. 

The assessment of immunomodulatory activities of N. indicum was divided into two broad 

sections i.e. the overall immunomodulatory activities and anti-inflammatory activities. The 

assays were performed both through in vitro and in vivo methods. The effect of NILE, NISE 

and NIRE on the murine humoral response was evaluated through PFC (1.57, 1.01 and 1.50 

fold increase), HA titre (agglutination up to 1/320, 1/40 and 1/160 dilutions i.e. 8, 0 and 4 fold 
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elevation) assay and subsequent estimation of IgM levels (1.76, 1.09 and 1.42 fold increase) 

in serum samples. Among the three extracts, only NILE and NIRE resulted in significant 

stimulation of the humoral immune system. The extracts were in parallel investigated for their 

efficiency to modulate the effector functions of the macrophages, isolated from the murine 

peritoneal cavity. Elevation in the phagocytic capacity was observed only in case of NILE and 

NIRE (1.43 and 1.18 fold) however, mild increase in macrophage population (1.69, 1.05 and 

1.20 fold) were observed for all the extracts. The extracts further demonstrated modulation of 

cell adhesion property (21.52±2.06, 10.32±1.32 and 9.92±2.41% inhibition) and phagocytosis 

related respiratory burst (1.70, 1.32 and 1.31 fold increase) and MPO release (16.00±1.64, 

7.17±1.68 and 10.64±0.83% reduction) under in vitro condition. Majority of the anti-

inflammatory study was performed on in vitro murine splenic lymphocytes which were 

stimulated with optimum dose (5 μg/ml) of Con A. Quantification of different pro-and anti-

inflammatory markers demonstrated the efficiency of N. indicum extracts to down-regulate 

TNF-α (225.66±11.67, 349.33±15.63 and 327.02±13.45 pg/ml) and IL-4 (1.37±0.15, 

2.67±0.14 and 2.37±0.22 pg/ml) in addition up-regulate IL-2 (39.47±2.70, 18.3±3.71 and 

25.49±2.63 pg/ml), IL-10 (4388.00±295.48, 3378.00±357.78 and 4439.33±56.88 pg/ml) and 

IFN-γ (343.33±11.59, 275.33±20.59 and 220.66±28.14 pg/ml) levels. The release of NO from 

lymphocytes and macrophages demonstrated inhibitory activity of the extracts. The anti-

inflammatory activities were further established through inhibition of COX-1 (0.48, 0.80, 0.84 

fold), COX-2 (0.39, 0.55, 0.68 fold) activities and associated PGE2 release (55.94±3.68, 

28.71±1.28 and 36.49±2.82% of inhibition) from the lymphocytes. Moreover, inhibition of 

hind paw edema (2.72, 1.62 and 1.94 fold at 200 mg/kg) under DTH test, provided visual 

evidence of the anti-inflammatory activity of N. indicum. 

Under hepatoprotective evaluation, hepatic injury to murine liver was introduced through oral 

administration of a potent haloalkane hepatotoxin CCl4 and subsequently treated with N. 

indicum extracts. Biochemical analysis of the serum samples from the experimental animals 

revealed decrease of various liver marker enzymes and biochemical parameters such as ALT 

(0.51, 0.64 and 0.75 fold), AST (0.57, 0.72 and 0.80 fold), ACP (0.66, 0.79 and 0.78 fold), 

ALP (0.49, 0.78 and 0.77 fold), GGT (0.53, 0.80 and 0.73 fold), bilirubin (0.53, 0.78 and 0.87 

fold) etc. in the extract treated groups. Outcomes of the in vitro results were also in 

accordance with the in vivo studies performed through liver explant cultures. Hepatic catalyse 

(0.52 fold) and peroxidase (0.48 fold) activities, which were significantly lowered due to CCl4 

toxicity, were found to be up-regulated (catalase: 1.52, 1.27 and 1.26 fold; peroxidase: 1.21, 

1.18 and 1.22 fold) due to extract treatment. This also correlated with the lowering of lipid 
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peroxidation (0.56, 0.79 and 0.78 fold). Two major hepato-inflammatory markers i.e. NO 

(0.19, 0.44 and 0.50 fold) and TNF-α (0.14, 0.28 and 0.38 fold) were also found to be lowered 

in case of extract treated groups. Furthermore, histopathological studies of the liver samples 

provided evidence for lowering of hepatic inflammation, fatty infiltration, bile duct 

proliferation, hepatocellular necrosis, calcification, sinusoidal dilatation etc. in the extract 

treated groups. 

The experiments of the anti-diabetic study was designed keeping in mind, that diabetes 

mellitus is a multi-organ disease, though has a pancreatic origin. Initial screening was done 

using in vitro α-amylase activity, demonstrating inhibitory effect of N. indicum extracts (IC50: 

703.01±56.47, 1402.07±232.15 and 899.22±84.11 μg/ml) on primary breakdown of complex 

carbohydrates. Experimental diabetes was introduced using alloxan and subsequently diabetic 

animals were treated with the plant extracts. The treatment resulted in significant lowering of 

blood glucose (73.79, 55 and 67%) and HbA1c (0.72, 0.84 and 0.86 fold) levels which 

correlated with the increase of insulin (2.07, 1.34 and 1.38 fold) and hepatic glycogen (1.48, 

1.25 and 1.39 fold) levels at 200 mg/kg. Normalization of catalase and peroxidase activities in 

liver, kidney and skeletal muscle corroborated the findings under hepatoprotective study, 

along with lowering of MDA level (0.69, 0.83 and 0.81 fold) in both cases. Improvement of 

diabetic liver damage by lowering of ACP (0.56, 0.74 and 0.61 fold), ALP (0.50, 0.66 and 

0.58 fold), AST (0.75, 0.86 and 0.74 fold), ALT (0.55, 0.71 and 0.60 fold) and amelioration 

of diabetic nephropathy due to lowering of urea (0.49, 0.64 and 0.52 fold), creatinine (0.60, 

0.77 and 0.71 fold), uric acid (0.75, 0.86 and 0.76 fold) along with improvement in diabetic 

hyperlipidemia by normalization of triglyceride (0.72, 0.88 and 0.79 fold) and cholesterol 

(0.72, 0.76 and 0.72 fold) levels were observed due to the extract treatment at 200 mg/kg. 

Moreover, the efficacy of N. indicum extracts at 200 mg/kg in OGTT revealed increased rate 

for glucose absorption (0.23, 0.41 and 0.46 fold lowering of blood glucose) in the extract 

treated animals. 

The photochemical composition of leaf, stem and root of N. indicum was investigated initially 

through biochemical spectrophotometric methods, which revealed the presence of alkaloid, 

saponin, polyphenols, flavonoids and vitamins. NILE, NISE and NIRE were further subjected 

to FTIR analysis which revealed the major chemical groups (alcohol, amide, alkane, nitro, 

acid, ketone etc.) in the extracts. Numerous polyphenolic metabolites were identified and 

quantified (rutin, gallic acid, p-coumaric acid, vanillic acid, myricetin syringic acid etc.) 

through HPLC analysis. Further bi-fractionation of the extracts using DCM and n-hexane and 
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subsequent GC-MS analysis revealed the presence of different bioactive phytocompounds 

(vanillin, phytol, vaccenic acid, vitamin E, stigmasterol, β-sitosterol, squalene etc.). 

 

The major findings of the present study may thus, be summarized as follows: 

 N. indicum possess potent antioxidant activities as demonstrated by DPPH, TEAC and 

reducing power activities. 

 Free radical scavenging potentialities of N. indicum was established through inhibition 

of the oxygen and nitrogen free radicals, which would further prove beneficial in 

attenuation of oxidative stress in various diseases. 

 In vivo immunomodulatory studies revealed stimulation of humoral immunity by N. 

indicum. 

 N. indicum demonstrated profound influence on macrophage activities. 

 Modulation of cytokine levels along with inhibition of COX activities, PGE2 and NO 

levels would provide protection in inflammatory conditions. 

 Normalization of liver biochemical and enzymatic markers may provide beneficial 

under chronic hepatic damage. 

 Inhibition of NO and TNF-α  associated lowering of liver injury scores would prove 

beneficial in hepatic inflammation. 

 Elevated catalase and peroxidase activities along with the inhibition of lipid 

peroxidation would prove beneficial under hepatic damage and diabetic conditions. 

 Lowering of blood glucose and HbA1c levels associated with elevation of insulin level 

would be beneficial in diabetes. 

 Bioactivity of N. indicum leaf was found higher than that of stem and root in most 

cases. 

 The various phytocompounds identified through HPLC and GC-MS analysis, are 

responsible for the potent bioactivities of N. indicum. 
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Appendix-A 
List of Instruments 

• Mixer grinder: Lords® Hummer 1100. 

• Shaking incubator: Remi Laboratory Instruments. 

• Rotary evaporator: Buchi Rotavapour®. 

• Lyophilizer: SJIA-10N. 

• UV-Viz spectrophotometer: Shimadzu UV-2450, Rayleigh UV-1800 UV/VIS, 

Rayleigh UV-2100 UV/VIS. 

• Centrifuge: Medico centrifuge Remi, Heraeus biofuge pico bench top centrifuge (LP 

1366), Eppendorf 5417R, Sigma 3K30, MPW MED works 260R, Sigma 3-18K 

• Cooling centrifuge: Heraeus Instruments Biofuge Stratos Refrigerated Centrifuge, 

Eppendorf 5804-R, Eppendorf 5424-R, Eppendorf 5417-R 

• ELISA plate reader: BioRad iMark Micro Plate Reader 

• Electronic balance: Sartorius electronic analytical balance BT224S. 

• Incubator: Macro scientific works, Lab instruments and chemical works, Digilab 

• Autoclave: Lab instruments and chemical works. 

• Gas chromatography-mass spectrometry: Agilent 5975C GC-MS system 

• Fourier Transform Infrared Spectroscopy: Shimadzu 8300 FT-IR 

spectrophotometer. 

• High Performance Liquid Chromatography: Agilent Technologies 

• Distilled water system: Riviera 

• Ultra-pure water system: Millipore Milli-Q attached with Millipore Elix. 

• Laminar flow cabinet: Thermodyne 

• Microscope: Olympus CH20i, Olympus CX31, Olympus Magnus trinocular MLX-

TR.  
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Appendix-B 
Chemicals and Solvents 

All the reagents were procured from HiMedia Laboratories Pvt. Ltd. (Mumbai, India), unless 

otherwise indicated. 

• BDH chemicals (England): Evans blue. 

• Cayman Chemicals Company (Ann Arbor, Michigan, USA): COX activity assay 

kit, PGE2 EIA Kit, Thiobarbituric acid reactive substances assay kit 

• ChromaDex (USA): HPLC standards. 

• Crest Biosystems (Goa, India): Albumin, acid phosphatase, Alkaline phosphatase, 

Bilirubin, γ-glutamyl transferase, Glucose, Protein, Aspartate transaminase, Alanine 

transaminase, Lactate dehydrogenase, Cholesterol, Triglyceride, Creatinine, and Urea 

estimation kits. 

• Fluka (Buchs, Switzerland): Trolox 

• Loba Chemie (Mumbai, India): Thiobarbituric acid 

• Merck Specialties Pvt. Ltd. (Mumbai, India): Sulphuric acid, Chloroform, Acetic 

acid, Ethyl acetate, Trichloroacetic acid, Diethyl ether, Iso-amyl alcohol, Hydrogen 

peroxide, Potassium hexacyanoferrate, Folin-Ciocalteu reagent, Sodium carbonate, 

Butylated hydroxytoluene, Sodium hypochloride, Aluminium chloride, Ammonium 

iron (II) sulfate hexahydrate, Potassium nitrite, N,N-dimethyl-4-nitrosoaniline, 

Xylenol orange 

• Monobind Inc. (USA): AccuBind insulin ELISA kit. 

• MP Biomedicals (France): Analytical grade gallic acid and curcumin. 

• MyBiosource (San Diego, USA): Mouse IgM ELISA kit. 

• Qualigens Fine Chemicals (Mumbai, India): Sodium nitrite 

• RayBio (Georgia, United States): Mouse IL-2, IFN-γ, TNF-α, IL-4 and IL-10 ELISA 

kits. 

• Roche Diagnostics (Mannheim, Germany): ABTS. 

• SD Fine Chemicals (Mumbai, India): Manganese dioxide 

• Sigama Aldrich (USA): Nystatin, Concanavalin A, HPLC standards, Silymarin 

• Sisco Research Laboratories Pvt. Ltd. (Mumbai, India): Potassium persulfat, 

Ethylenediamine tetraacetic acid, Ascorbic acid, 2-deoxy-2-ribose, Trichloroacetic 
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acid, Mannitol, Nitro blue tetrazolium, Reduced nicotinamide adenine dinucleotide, 

Phenazine methosulfate, Sodium nitroprusside, Sulfanilamide, 

Naphthylethylenediamine dihydrochloride, L-histidine, Lipoic acid, Sodium pyruvate, 

Quercetin, Ferrozine 

• Spectrochem Pvt. Ltd. (Mumbai, India): Diethylene-triamine-pentaacetic acid 

• Thomas baker chemicals Pvt. Ltd. (Mumbai, India): Phosphoric acid, 

Hydrochloric acid. 
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Appendix-C 
Bioactivities of identified compounds 

▲ means increase; ▼ means decrease; ♦ means no change 

Compounds Bioactivities References 
Gallic acid Cholesterol ▼, triglyceride ▼, LDH ▼, SOD ▲, 

CAT ▲, GSH ▲, MDA ▼ 
Patel and Goyal 
(2011) 

AST ▼, ALT ▼, ALP ▼, SOD ▲, CAT ▲, GPx 
▲, GST ▲, glutathione ▲, GR ▲, lipid 
peroxidation ▼, TNF-α ▼ 

Rasool, et al., 
(2010) 

Paw edema ▼ (anti-inflammatory) Kroes, et al., 
1992 

TNF-α ▼, IL-6 ▼ Kim, et al., 
(2006) 

AST ▼, ALT ▼ , GGT ▼, bilirubin ▼, GPx ▲, 
CAT ▲, PX ▲, SOD ▲, GSH ▲, GR ▲, GST ▲ 

Maheshwari, et 
al., 2011 

Hydroxybenzoic 
Acid 

Peripheral glucose absorption ▲, insulin ▲, 
hepatic glycogen ▲ 

Peungvicha, et 
al., 1998a, 1998b 

Hexobarbitone sleep time, zoxazolamine paralysis 
time, bromosulphaline clearance ▲, transaminases 
▼, bilirubin ▼ 

Singh, et al., 
2001 

Vanillic Acid TNF-α ▼, IL-6 ▼, COX-2 ▼, PGE2 ▼, NO ▼ Kim, et al., 
(2011) 

Lymphocyte proliferation ▲, IFN-γ ▲ Chiang, et al., 
2003 

Collagen accumulation ▼, hydroxyproline ▼, 
hepatic aminotransferases ▼ 

Itoh, et al., 2010 

Apoptosis ▼, diabetic nephropathy ▼ Huang, et al., 
(2008) 

p-Coumaric 
Acid 

Cell-mediated immune response ▼, phagocytic 
index ▼, serum immunoglobulin ▲, TNF-α ▼, 
circulatory immune complex ▼ 

Pragasam, et al., 
2013 

Modulation ▲▼ of lipogenic genes, acetyl-CoA 
carboxylase-1, fatty acid synthase, malic enzyme, 
stearoyl-CoA desaturase-1, sterol regulatory 
element binding protein-1c, cholesterol 7α-
hydroxylase, low density lipoprotein receptor and 
sterol regulatory element binding protein-2 

Kishida, et al., 
2014 

Blood glucose ▼, HbA1c ▼, haemoglobin ▼, 
insulin ▲, SOD ▲, CAT ▲, GPx ▲ 

Amalan & 
Vijayakumar, 
2015 

Lymphocyte proliferation ▲, IFN-γ ▲ Chiang, et al., 
2003 

Rutin Total antioxidant potential ▲, reducing power ▲, 
OH• ▼, O2•- ▼, DPPH ▼, lipid peroxidation ▼ 

Yang, et al., 2008 

Plasma glucose ▼, HbA1c ▼, insulin ▲, C-
peptide ▲, haemoglobin ▲, protein ▲, glutathione 

Kamalakkannan 
& Prince (2006) 
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▲, vitamin C ▲, vitamin E ▲, ceruloplasmin, 
TBARS ▼, lipid hydroperoxides ▼ 
Transforming growth factor-β1 ▼, IL-1β ▼, 
connective tissue growth factor ▼, collagen ▼,α-
smooth muscle actin-positive matrix-producing 
cells ▼, Smad2/3 ▼, oxidative stress ▼, leukocyte 
accumulation ▼, NF-κB activation ▼, pro-
inflammatory cytokine ▼ 

Pan, et al., 2014 

Syringic Acid COX-2 ▼, antioxidant activity ▲ Stanikunaite, et 
al., 2009 

Collagen accumulation ▼, hydroxyproline ▼, 
hepatic aminotransferases ▼ 

Itoh, et al., 2010 

AST ▼, ALT ▼, GGT ▼, ALP ▼, bilirubin ▼, 
TBARS ▼, lipid hydroperoxides ▼,  different 
enzymatic and non-enzymatic antioxidant ▲ 

Ramachandran & 
Raja, 2010 

Ferulic acid DPPH ▼, liposome induced by AAPH oxidation ▼, 
lipid peroxidation ▼, radiation-induced oxidative 
reactions ▼ 

Kikuzaki, et al., 
2002; Graf, 1992 

PGE2 ▼, TNF-α ▼, iNOS ▼ Ou, et al., 2003 
Modulation ▲▼ of phagocytosis, neutrophil 
locomotion, chemotaxis, membrane stabilisation 

Ganeshpurkar, et 
al., (2014) 

TNF-α ▼, macrophage inflammatory protein-2 ▼ Sakai, et al., 
1997 

ALP ▼, GGT ▼, ALT ▼, AST ▼ Rukkumani, et 
al., 2004 

Blood glucose ▼, serum adiponectin ▲, 
glomerular basement membrane thickness ▼, 
glomerular volume ▼, mesangial matrix expansion 
▼, oxidative stress ▼, Monocyte chemoattractant 
protein-1 ▼ 

Choi, et al., 
(2011) 

Lymphocyte proliferation ▲, IFN-γ ▲ Chiang, et al., 
2003 

Myricetin Xylene-induced ear edema ▼, acetic acid-induced 
vascular permeability ▼, carrageenan-induced paw 
edema ▼, leukocyte migration ▼, cotton pellet 
granuloma ▼ 

Wang, et al., 
2010 

AST ▼, ALT ▼, GGT ▼, bilirubin ▼, GPx ▲, 
CAT ▲, PX ▲, SOD ▲, GSH ▲, GR ▲, GST ▲ 

Maheshwari, et 
al., 2011 

 Insulin sensitivity ▲, insulin-stimulated 
lipogenesis ▲, IL-12 ▼,NF-κB ▼, IL-1β ▼, 
vascular endothelial growth factor ▼  

Yong & Ding, 
2012 

Vaccenic acid Triglyceride ▼, IL-10 ▼ Wang, et al., 
2008 

IL-2 and TNF-α producing Th cell ▼ Jaudszus, et al., 
2012 

Oleic acid TNF-α ▼, insulin ▼, glucose ▼ Vassiliou, et al., 
2009 

VCAM-1 ▼, E-selectin ▼,  ICAM-1 ▼, neutrophil 
aggregation ▼, cell attachment ▼, phagocytic 
activity ▲, IL-2 ▼, IFN-γ ▼, T-cell proliferation 
▼ 

Carrillo, et al., 
2012 

184 
 



LDL ▼, phospholipase A(2) ▼, paraoxonase 
activity ▲, glycation of apolipoproteins ▼, LDL 
uptake ▼, MDA ▼, lipid hydroperoxides ▼ 

Cho, et al., 2010 

Phytol OH• ▼, NO ▼,  TBARS ▼ Santos, et al., 
2013 

Paw-edema ▼, leukocyte and neutrophil 
recruitment ▼, MPO ▼, TNF-α ▼, IL-1β ▼ 

Silva, et al., 2014 

Tocopherol Glucose ▼, HbA1c ▼, insulin ▼, HOMA-IR ▼, 
cholesterol ▼, triglyceride ▼, catalase ▼, SOD ▲, 
GST ▲, lipid peroxidation ▼. 
HYBRID and FRED docking studies: association of 
tocopherol with protein-tyrosine phosphatase-1B, 
peroxisome proliferator-activated receptor-γ and 
dipeptidyl peptidase IV. 

Bharti, et al., 
2013 

ALT ▼, argininosuccinic acid lyase ▼, 
histopathological signs of portal inflammation ▼, 
fatty changes ▼, necrosis ▼ 

Tayal, et al., 
2007 

Modulation ▲▼ of lymphocyte proliferation, IL-1, 
IL-2, PGE2 ▼, lipid peroxide ▼ 

Meydani, et al., 
(1990) 

Vanillin ALT ▼, AST ▼, lipid peroxidation ▼, SOD ▲, 
catalase ▲, glutathione ▲, TNF-α ▼, IL-1β ▼, IL-
6 ▼ 

Makni, et al., 
2011 

Glucose ▼, cholesterol ▼, HDL cholesterol ♦ Duraipandi & 
Selvakumar 
(2012) 

Tetradecanoic 
acid (myristic 
acid) 

Free radical scavenging ▲, COX ▼ Henry, et al., 
(2002) 

Scavenger receptor BI ▼, cholesteryl ester ▼, 
sterol 27 hydroxylase ▲, 3-hydroxy-3-methyl 
glutaryl coenzyme A reductase ♦ 

Loison, et al., 
2002 

Modulation ▼▲ of IL-1, TNF-α, IL-8, p38, JNK 
kinases 

Haversen, et al., 
2009 

Methylparaben Cytotoxicity ▼, ROS ▼, intranigral brain damage 
▼, lipid peroxidation ▼,  

Kopalli, et al., 
2013 

Stigmasterol DPPH ▼, β-carotene-linoleic acid ▼, iron 
chelation ▼, microsomal lipid peroxidation ▼, Cell 
viability ▼, LDH leakage ▼ 

Donfack, et al., 
2011 

Glucose ▼, HbA1c ▼, MDA ▼, GSH ▲, SOD ▲, 
CAT ▲ 

Ghosh, et al., 
(2014) 

Matrix metalloproteinase ▼, a disintegrin and 
metalloprotease with thrombospondin motif-4 ▼, 
PGE2, NF-κβ activation ▼, Type II collagen ▼, 
aggrecan ▼ 

Gabay, et al., 
2010 

TNF-α ▼, IL-6 ▼, IL-1β ▼ Sabeva, et al., 
(2011) 

Sitosterol AST ▼, ALT ▼, bilirubin ▼, total protein ▼, liver 
weight ▼, lipid peroxide ▼, SOD ▲, glutathione 
▲, CAT ▲, PX ▼ 

Gawade & 
Chandrashekar, 
2012 

Glucose ▼, HbA1c ▼, NO ▼, MDA ▼, SOD ▲, 
CAT ▲, GSH ▲, GST ▲, GPx ▲, ascorbic acid 
▲, TBARS ▼ 

Gupta, et al., 
2011 
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Peripheral blood mononuclear cell viability ▲, 
activation of dendritic cells. 

Fraile, et al., 
(2012) 

Isoeugenol NO ▼, iNOS ▼, NF-κβ activation ▼, p38 MAP 
kinase ▼ 

Choi, et al., 2007 

CA T ▲, SOD ▲, GPX ▲, GR ▲, lipid 
peroxidation ▼ 

Rauscher, et al., 
2001 

TNF-α ▼ Xiong, et al., 
(2000) 

Acetylcholine-induced relaxations ▼, l-NAME-
induced contractions ▼, acetylcholine ▲, glucose 
♦, eNOS ▼, iNOS ▲, p22(phox) and gp91(phox) 
subunits of NADPH oxidase ▲ 

Olukman, et al., 
2010 

NF-κB ▼, AP-1 ▼, TNF-α ▼, IL-1β ▼, IL-6 ▼, 
macrophages ▼, eosinophils ▼, IL-4 ▼, IL-5 ▼, 
IL-12 ▼, IL-13 ▼. 

Kim, et al., 2012 

Linoleic acid + 
tocopherol 

MDA ▲, Apolipoprotein B ▲ Shadman, et al., 
(2013) 

Tryptamine-
gallic acid 
hybrid 

mitochondrial oxidative stress ▼, impaired electron 
transport chain ▲, transmembrane potential 
collapse ▼, bcl-2 ▼, bax ▼ 

Pal, et al., 2012 

Tryptamine NO ▼, PGE2 ▼, TNF-α ▼, IL-1β ▼, iNOS ▼, 
COX-2 ▼ 

Vo, et al., 2014 

Palmitic acid 
(hexadecanoic 
acid) 

phospholipase A2 ▼ (enzyme kinetic study) Aparna, et al., 
(2012) 

Fumaric acid IL-4 ▲, IL-5 ▲, IL-10 ▲, IL-2 ♦, IFN-γ ♦ Heiligenhaus, et 
al., (2005) 

Macrophage inflammation ▼, IL-10 ▲ Schilling, et al., 
(2006) 

Amyrin ALT ▼, AST ▼, GSH ▲ Oliveira, et al., 
2005 

Blood glucose load ▼, oral glucose tolerance ▲, 
entry of glucose from the intestine ▼ 

Nair, et al., 2014 

IL-10 ▲, IL-1β ▼, endothelial growth factor ▼, 
COX-2 ▼, NF-κβ ▼ 

Vitor, et al., 2009 

Squalene DPPH ▼, peroxyl radical ▼, TEAC ▲, OH• ▼ Amarowicz 
(2009) 

Lupeol HbA1c ▼, glucose ▼, NO ▼, insulin ▲, 
antioxidant enzymes ▲ 

Gupta, et al., 
2012 

ALT ▲, TNF-α ▲, IL-6 ▲,TLR-4 ▲, myeloid 
differentiation primary response gene 88 ▲, TIR-
domain-containing adapter-inducing interferon-β 
▲, IL-1 receptor-associated kinase ▲, TNF 
receptor associated factor 6 protein ▲ 

Kim, et al., 
(2014) 

PGE2 ▼, phagocytic activity ▼, IL-2 ▼, IFN-γ, 
IL-4 ▼, IL-5 ▼, IL-13 ▼, NFκB translocation ▼ 

Saleem (2009) 
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Appendix-D 
Thesis related publications till August 2015 

• Dey P, Dutta S, Sarkar MP, Chaudhuri TK. Assessment of hepatoprotective potential 

of N. indicum leaf on haloalkane xenobiotic induced hepatic injury in Swiss albino 

mice. Chemico-Biological Interactions 2015; 235: 37-46. 

• Dey P, Chaudhuri TK. Immunomodulatory activity of Nerium indicum through 

inhibition of nitric oxide and cyclooxygenase activity and modulation of TH1/TH2 

cytokine balance in murine splenic lymphocytes. Cytotechnology 2015; 67(174) 

(ahead of print). DOI: 10.1007/s10616-014-9826-9 

• Dey P, Chaudhuri TK. Anti-inflammatory activity of Nerium indicum by inhibition of 

prostaglandin E2 in murine splenic lymphocytes. Indian Journal of Pharmacology 

2015; 47(4): 447-450. 

• Dey P, Saha MR, Chowdhuri SR, Sen A, Sarkar MP, Haldar B, Chaudhuri TK. 

Assessment of anti-diabetic activity of an ethnopharmacological plant Nerium 

oleander through alloxan induced diabetes in mice. Journal of Ethnopharmacology 

2015; 161: 128-137. 

• Dey P, Chaudhuri TK. Pharmacological aspects of Nerium indicum Mill.: A 

comprehensive review. Pharmacognosy Reviews 2014; 8(16): 156-162. 

• Dey P, Chaudhuri D, Chaudhuri TK, Mandal N. Comparative assessment of the 

antioxidant activity and free radical scavenging potential of different parts of Nerium 

indicum. International Journal of Phytomedicine 2012; 4(1): 54-69. 

• Dey P, Roy S, Chaudhuri TK. A quantitative assessment of bioactive phytochemicals 

of Nerium indicum: an ethnopharmacological herb. International Journal of Research 

in Pharmaceutical Science 2012; 3(4): 579-587. 

 

187 
 


	Priyankar Dey_Thesis
	1
	1. Front Page, dedication & declaration


	1. Front Page, dedication & declaration.....
	Priyankar Dey_Thesis
	1
	convert-jpg-to-pdf.net_2015-08-09_15-28-53

	2

	Priyankar Dey_Thesis
	2. Preface, Abstract, Acknowledgement, Contents ..... Abbreviations..........
	Priyankar Dey_Thesis
	ALL Combined
	Headin Introduction & objective
	1. Introduction & Objectives
	Heading Review of literature
	2. Review of Literature
	2. Review of literature
	2.1. Botanical description
	2.2. Ethnopharmacology and traditional use
	2.3.1. Antioxidant activity
	2.3.2. Antinociceptive activity
	2.3.3. Antibacterial activity
	2.3.4. Anthelmintic activity
	2.3.5. Anti-fungal activity
	2.3.6. Antiviral activity
	2.3.7. Anti-hyperlipidemic activity
	2.3.8. Cardiotonic efficiency
	2.3.9. Effect on myocardial oxidative stress
	2.3.10. Neuroprotective activity
	2.3.11. Anti-malarial activity
	2.3.12. Hepatoprotective activity
	2.3.13. Anti-hyperglycaemic activity
	2.3.14. Analgesic activity
	2.3.15. Antiulcer activity
	2.3.16. Immunological effects
	2.3.17. Anti-inflammatory activity
	2.3.18. Anti-mitotic activity
	2.3.19. Anti-cancer activity
	2.3.20. Chemotherapy supplementation
	2.3.21. Auditory supplementation
	2.3.22. Radiotherapy supplementation
	2.3.23. Mutagenicity
	2.3.24. Anti-angiogenesis activity
	2.3.25. AnvirzelTM
	2.3.26. Phytochemical analysis
	2.3.27.Nerium toxicity
	2.4. Current research and future prospects

	Heading material and methods
	3. Material and Methods
	3. Material and Methods
	3.1. Collection and authentication of plant material
	3.2. Preparation of extracts
	Swiss albino mice of both sex of 6-8 weeks were used for all the studies. Blood for immunization purpose was collected from sheep by puncturing the jugular vein with a sterile syringe. The blood was diluted with equal volume of Alsever’s solution (114...

	3.4. Acute toxicity study
	3.5. Immunomodulatory activities
	3.5.1.1. Plaque forming cell (PFC) assay
	3.5.1.2. Estimation of total IgM
	3.5.1.3. Hemagglutination (HA) titre assay
	3.5.1.4. Counting of peritoneal macrophages
	3.5.1.5. Stimulation of phagocytic activity of macrophages
	3.5.1.6. Carbon Clearance test
	3.5.2.1. Cell adhesion assay
	3.5.2.2. Respiratory burst activity
	3.5.2.3. Myeloperoxidase release assay
	3.5.2.4. Inhibition of LPS induced nitric oxide production

	3.6. Anti-inflammatory activities
	3.6.1. Culture of splenocytes
	3.6.2. Measurement of NO inhibition
	3.6.3. Estimation of cytokine expression
	3.6.4. Measurement of PGE2 level
	3.6.5. Measurement of COX activities
	3.6.6. Delayed type hypersensitivity (DTH) test
	3.6. 7. Statistical analysis

	3.7. Antioxidant and free radical scavenging activities
	3.7.1. Trolox equivalent antioxidant capacity (TEAC)
	3.7.2. DPPH radical scavenging assay
	3.7.3. Hydroxyl radical scavenging assay
	3.7.4. Superoxide radical scavenging assay
	3.7.5. Nitric oxide radical scavenging assay
	3.7.6. Hydrogen peroxide scavenging assay
	3.7.7. Peroxynitrite scavenging activity
	3.7.8. Singlet oxygen scavenging assay
	3.7.9. Hypochlorous acid scavenging assay
	3.7.10. Iron chelation assay
	3.7.11. Total reducing power
	3.7.12. Inhibition of lipid peroxidation
	3.7.13. Quantification of total phenolic content
	3.7.14. Quantification of total flavonoid content
	3.7.15. Statistical analysis

	3.8. Hepatoprotective activities
	3.8.1. Experimental design: in vivo
	3.8.2. Liver function test: in vivo
	3.8.3. Estimation of peroxidase activity
	3.8.4. Estimation of catalase activity
	3.8.5. Experimental design: in vitro
	3.8.6. Liver function test: in vitro
	3.8.7. Measurement of lipid peroxidation
	3.8.8. Measurement of TNF-α
	3.8.9. Measurement of inhibition of NO
	3.8.10. MTT cytotoxicity assay
	3.8.11. Histological studies

	3.9. Anti-diabetic activities
	3.9.1. Alpha-amylase inhibitory activity
	3.9.2. Induction of experimental diabetes
	3.9.3. Drug administration in diabetic animals
	3.9.4. Estimation of body weight and blood glucose level
	3.9.5. Collection of serum and tissue
	3.9.6. Study of serum biochemical parameters
	3.9.7. Measurement of lipid peroxidation
	3.9.8. Estimation of hepatic glycogen
	3.9.10. Oral glucose tolerance test (OGTT)
	3.9.11. Statistical analysis

	3.10. Phytochemical analysis
	Aqueous extract: The crude dried powder (10 g) was taken in a 250 ml conical flask and 100 ml of double distilled water was added to it. The mixture was stirred on a magnetic stirrer for 10 h and then filtered through Whatman filter paper number 1 (15...
	Methanolic extract: 10 g of crude dried plant powder was taken with 100 ml of 70% methanol in a 250 ml conical flask. The mixture was mixed in a magnetic stirrer for 10 h in room temperature and filtered through Whatman filter paper number 1.
	The resultant extracts were used for the preliminary phytochemical investigations according to the standard chemical tests (Brain & Turner, 1975; The Indian Pharmacopoeia, 1996; Khandelwal, 2008; Gokhale & Kokate, 2008).
	3.10.2. Qualitative tests
	3.10.2.9. Alkaloid
	The methanolic extract (2 ml) was taken in a test tube and 2 ml of 2N HCl was added to it. The solution was shaken vigorously to mix and incubated for 5 min at room temperature. The aqueous phase formed was separated from the two liquid phases and few...

	3.10.3. Quantitative tests
	3.10.4. Fourier Transform Infrared Spectroscopy analysis
	3.10.5. Gas chromatography-mass spectrometry analysis
	3.10.6. High Performance Liquid Chromatography analysis


	Heading Results
	4. Results
	4. Results
	4.1. Immunomodulatory activities
	4.1.1. Plaque forming cell (PFC) assay
	4.1.2. Immunoglobulin M (IgM) level
	4.1.3. Hemagglutination (HA) titre
	4.1.4. Total macrophage count
	4.1.5. Phagocytic activity
	4.1.6. Carbon-Clearance assay

	4.1.7. Cell-adhesion assay
	4.1.8. Respiratory burst activity
	4.1.9. Myeloperoxidase (MPO) assay
	4.2.1. Inhibition of lipopolysaccharide (LPS) induced nitric oxide (NO)
	4.2.2. Inhibition of Con A induced nitric oxide
	4.2.3. Estimation of cytokines
	4.2.4. Inhibition of COX activities
	4.2.5. Prostaglandin E2 level

	4.2.6. Delayed-type hypersensitivity (DTH) test
	4.3. Antioxidant and free radical scavenging activities
	4.3.1. Trolox Equivalent Antioxidant Capacity (TEAC)
	4.3.2. DPPH radical scavenging activity

	4.3.3. Hydroxyl radical scavenging activity
	4.3.4. Superoxide radical scavenging activity
	4.3.5. Nitric oxide scavenging activity
	4.3.6. Hydrogen peroxide scavenging activity

	4.3.7. Peroxynitrite scavenging activity
	4.3.8. Singlet oxygen scavenging activity
	4.3.9. Hypochlorous acid scavenging activity
	4.3.10. Iron chelating activity
	4.3.11. Reducing power assay
	4.3.12. Inhibition of lipid peroxidation activity
	4.3.13. Total phenolic and flavonoid content
	4.4. Hepatoprotective activities
	4.4.1. Body and liver weight
	4.4.2. Liver marker enzymes and biochemical parameters (in vivo)
	4.4.3. Hepatic catalase activity
	4.4.4. Hepatic peroxidase activity
	4.4.5. Liver marker enzymes and biochemical parameters (in vitro)
	4.4.6. Lipid peroxidation
	4.4.7. MTT cell viability assay
	4.4.8. Tumor necrosis factor alpha (TNF-α) level
	4.4.9. Measurement of nitric oxide (NO) level
	4.4.10. Histopathological examination

	4.5. Anti-diabetic activities
	4.5.1. Alpha amylase inhibitory activity

	4.5.2. Body weight
	4.5.3. Blood glucose level
	4.5.4. Measurement of lipid peroxidation
	4.5.5. Estimation of hepatic glycogen level
	4.5.6. Serum biochemical parameters

	4.5.7. Catalase and peroxidase activities
	4.5.8. Glycated haemoglobin (HbA1c) level
	4.5.9. Insulin level
	4.5.10. Oral glucose tolerance test
	4.6. Phytochemical analysis
	4.6.1. Qualitative phytochemical screening

	4.6.2. Quantitative phytochemical screening
	4.6.3. Fourier transform infrared spectroscopy (FTIR) analysis
	4.6.4. High performance liquid chromatography (HPLC) analysis
	4.6.5. Gas chromatography-mass spectrometry (GC-MS) analysis


	Heading Discussion
	5. Discussion
	Heading Conclusion
	6. Conclusion
	7. Bibliography
	End pages (Index and appendix)



