
                       

 

-

 

-

-

 

- -

Chapter 5 
Discussion 

 



     DISCUSSION                89 

 

presence of various classes of 

phytocompounds which directly correlated 

with the bioactivities of the C. 

bonplandianus extracts .  Ini t ia l 

phytochemical qualitative screening 

identified the presence of tannin, 

phlobatannins, terpenoids, glycosides, 

phenolics, flavonoids, alkaloids, saponins, 

proteins and carbohydrates. 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 

pla nts primar ily modulate the 

neurotransmitters (Robetrs and 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 and 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-

d i a b e t i c  ( As g a r ,  20 1 3 )  a n d 

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, 

a n t i o x i d a n t ,  h e p a t op r o t ec t i v e , 

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 C. bonplandianus 

which have already demonstrated 

promising anti-cancer activities (Newman 

et al., 2008). Besides, three essential 

micronutrient i.e. thiamine, riboflavin and 

ascorbic acid were identified in C. 

bonplandianus which not only play 

profound role in maintaining the normal 

health status but also are capable of 

scavenging harmful free radicals through 
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their potent antioxidant activities. 

Moreover, several other bioactive 

phytochemicals such as -Linolenic acid, 

phytol, Squalene, -Amyrin, oleic acid, 

tocopherol, stigmasterol, sitosterol, 

Campesterol etc. were also identified using 

GC-MS analysis. The aforementioned 

compounds have also been reported in 

various other bioactive plant extracts. In 

the present study, the antioxidant, 

neuromodulatory, hepatoprotective, 

immunomodulatory and anti-inflammatory 

activities demonstrated by 70% 

hydromethanolic extracts of C. 

bonplandianus resulted possibly due to the 

synergistic activities of these bioactive 

phytochemicals. 

Immunomodulatory evaluation of CBLE 

was performed using both in vivo and in 

v i t r o  m e t h o d s .  T h o u g h  t h e 

immunomodulatory potentialities of C. 

bonplandianus 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 and 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, 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 and Robertson, 2003). 

sRBC mediated antibody response are also 

routinely used in immunotoxicological 

studies (Roy et al., 2013; Ladics, 2007). In 

the present study, CBLE 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 CBLE at 200 mg/kg dose was 

higher than that of the control. The PFC 

value without any antigenic stimulation 

usually remains at basal level (5-30 

PFC/106 cells) (Bondada and 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 CBLE at 200 mg/kg compared to 

control.  

F o l l o w i n g  t h e  P F C  a s s a y , 

hemagglutination (HA) titre assay was also 

performed to measure the stimulation of 

murine humoral immune system by 
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different extracts of C. bonplandianus. 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, 

naïve 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 naïve 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, CBLE 

showed visible hemagglutination at higher 

dilutions of the antiserum. Antibody titre 

at 50 mg/kg, 100 mg/kg and 200 mg/kg 

dose of CBLE were 1/80, 1/160 and 1/320, 

r esp ect ively.  T her efor e,  CBLE 

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 and Kuttan, 

2003). In the present study, various 

experiments were performed using murine 

peritoneal exudates macrophages to 

demonstrate the immunomodulatory 

activities of CBLE. 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) 
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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). 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 Blymphocyte activation or inhibition 

was found to be higher in peritoneal 

macrophages compared to other 

macrophage sub-sets (Wang et al., 2013). 

The present study demonstrated the effect 

of orally administered CBLE on the total 

peritoneal macrophage count in mice. The 

results demonstrate that CBLE stimulated 

significant (P<0.001) proliferation of 

macrophages. The increase in macrophage 

count at 200 mg/kg CBLE, 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 lines of 

defence of the immune system which is 

chiefly mediated by phagocytes such as 

macrophages. In the present study, the 

effect of C. bonplandianus extract was 

evaluated for possible effect on the 

phagocytic activity of the murine 

peritoneal macrophages. The effect of 

CBLE 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 
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indicates the rate of carbon-clearance from 

the systemic circulation. Furthermore, 

peritoneal macrophages isolated from C. 

bonplandianus 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. CBLE at 200 mg/kg 

demonstrated significant (P<0.01) increase 

in phagocytic capacity which was higher 

than the control. Similar trend was 

observed in case of the phagocytic index 

with dose-dependent significant (P<0.05) 

increase of PI of CBLE at the highest dose. 

The present study therefore, findings that 

C. bonplandianus 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 

proinflammatory mediator such as NO, 

TNF- and IL-1b (Coligan, 2005). NO is 

released from the activated macrophages 

and functions as marker for inflammatory 

progression and cytotoxic activity (Mac 

Micking, et al., 1997). LPS cause the 

activation inducible NO synthase (iNOS) 

to catalyse the conversion of L-arginine to 

L-citrulline by oxidizing the guanidine 

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 

g/ml) was significantly (P<0.001) 

lowered by CBLE in a dose-dependent 

manner. However, the present study 

demonstrated the potent activity of C. 

bonplandianus extracts to inhibit the 

expression of NO in LPS stimulated 

macrophages. The same has also been 

demonstrated on murine splenic 

lymphocytes stimulated with concanavalin 
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A, which is discussed later.  

CBLE was 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) in case of CBLE, but the MPO 

level was reduced significantly (P<0.001). 

Respiratory burst activity was measured at 

630 nm, where increase in absorbance 

signifies increase in respiratory burst 

activity. 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 CBLE has 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 CBLE had demonstrated 

significant (P<0.001) inhibition of cell-

adhesion properties. During inflammatory 

situation due to microbial invasion in the 

body, the circulatory macrophages are 

recruited to the site of inflammation and 

enter the target tissue by adhering and 

passing between the endothelial cells 

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 

mediators such as IL-8 and macrophage 

inflammatory protein (MIP-1b), TNF- IL

-1 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 C. 

bonplandianus leaf extract, which remains 

in accordance with other studies. Previous 

reports suggests that plant extracts with 



     DISCUSSION                95 

 

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 C. bonplandianus 

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 g/ml is considered the 

optimal dose for blastoid differentiation 

and activation of the lymphocytes 

(Chaudhuri and Chakravarty 1981; Forni 

et al., 1987). Liu (2004) demonstrated that 

5 g/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; Tiedge 

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 associated with chronic release 

of nitric oxide (Kroncke et al., 1998). The 

present study demonstrated the inhibitory 

effect of CBLE extracts on the release of 

NO from Con A stimulated murine 

lymphocytes. The inducible form of NO is 

primarily stimulated by proinflammatory 

signals such as TNF- IL-1 IFN-

(Andrade et al., 1999). However, in this 

case, under 5 g/ml Con A stimulation and 
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in presence of CBLE extract (0-80 g/ml), 

the level of TNF- was down-regulated, 

whereas the level of IFN- was up-

regulated. Under same condition, the 

inversed expression of NO with IFN-

signifies that the inhibition of NO was not 

IFN- mediated. In the present study, 

CBLE 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.  Similar 

observations were incurred by two 

independent studies who demonstrated that 

the inhibition of iNOS is medicated by 

suppression of TNF- 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 CBLE influenced inhibition 

of TNF- as well as up-regulation of IL-

10. The dual affect of CBLE 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 an molecule 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 protect ion a ga inst  chronic 

inflammations and auto-immune disorders. 

The present study deals with the effect of 

CBLE on mitogen activated expression of 

proinflammatory (IL-2, IFN- TNF- 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 
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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- mediates antiviral and anti-tumor 

environment (Schroder et al., 2004) apart 

from activation of macrophage, 

stimulating MHC expression and 

amplifying leukocyte migration. IFN- has 

clinically been used in the treatment of 

prophylaxis of chronic granulomatous 

disease, visceral leishmaniasis and also 

possesses 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- is a 

potent mediator of inflammation and 

exerts tissue damage in sepsis, tumor 

cachexia and autoimmune diseases 

(Pfeffer, 2003). Elevated level of TNF-

has been found to be associated with 

autoimmune condit ions such as 

rheumatoid arthritis, psoriasis and Crohn's 

disease (Scheinfeld, 2004). In the present 

study, C. bonplandianus demonstrated its 

potentiality to down-regulate TNF- and 

IL-4 expression and up-regulate IL-2, IFN-

and IL-10 expression in activated 

lymphocytes in vitro. Leaf extract of C. 

bonplandianus also down-regulates the 

TNF- 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-

e x p r e s s i o n  ( b o t h  T H 1  a n d 

proinflammatory), even though TNF- was 

down-regulated significantly. In addition, 

two major pro-inflammatory mediators, 

NO and TNF- were significantly down-

regulated by CBLE. TNF- and NO shared 

positive correlation. Therefore, in the 

present study, down-regulation of TNF-

and IL-2 and up-regulation of IL-10 may 

contribute to the anti-inflammatory 

activities of C. bonplandianus. High 

negative correlation resided between IL-10 

and TNF- in case of CBLE which may 

prove to be beneficial target in the 

conditions such as psoriasis, ulcerative 

disease (Cutler and Brombacher, 2005). 

Besides, increase in CBLE mediated IL-2 

level may prove beneficial in autoimmune 

colitis, rheumatoid arthritis, allograft 
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rejection, as IL-2 is primarily associated 

with immune tolerance (Lee and 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 and Brembilla, 

2009). Previously, Singhal, (2012) 

demonstrated COX-1 and COX-2 

inhibitory activities of methanolic CBLE. 

In the present study, compared to control, 

the increase of COX-1 and COX-2 

expression at 0 g/ml was attributed to 

Con A induction. The dose dependent 

inhibition of both the COX isoforms were 

evident with increased concentration of C. 

bonplandianus leaf extract. Cardiac 

glycosides at present are considered as one 

of the novel candidates for anti-

inflammatory drug as well as various such 

compounds isolated from natural source 

such as quabain, digitoxin, digioxin, etc. 

are effective against different cancer cells 

(Newman et al., 2008). The COX 

inhibitory effect of CBLE was also 

reflected by the gradual decrease of PGE2, 

the level of which is dependent on 

metabolism of arachidonic acid by COX. 

In case of CBLE high positive correlation 

resided between total COX and COX-1 

demonstrating that total COX activity was 

influenced more by COX-1 activity than 

COX-2. NO is a well-known inducer of 

COX activity (Salvemini et al., 1993). 

This was even evident in case of CBLE, 

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, has demonstrated decent 

correlation with COX activities in case of 

CBLE. This signifies that there might have 

other factors in action for the regulation of 

PGE2 level and COX activities. 

In last two decades, the basic idea of the 

causative effects of disease whether 
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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.  

Oxidative stress is an imbalance between 

the production and elimination of free 

radicals mainly by antioxidants. Such an 

imbalance due to the excess production of 

free radicals (ROS and RNS) may lead to 

the damage of important bio-molecules 

and cells including those associated to our 

immune system. It is seen that the 

members of reactive oxygen and nitrogen 

species switches on intracellular signaling 

cascade that stimulate the proinflammatory 

gene expression (Anderson et al., 1994; 

Flohe et al., 1997). Of late medicine or 

health supplement of natural origin has 

increased many folds because of their 

potential to prevent and reduce the risk of 

several oxidative damage with minimal 

side effects (Aruoma, 2003). Antioxidant 

property covers a broad spectrum of 

chemical phenomenon and definite 

antioxidant activity should not be 

concluded based on a single experimental 

model. Therefore, in practice several in 

vitro antioxidants or free radical 

scavenging activities were carried out with 

our sample of interest. In the present 

antioxidant profiling, C. bonplandianus 

leaf extract showed potential free radical 

scavenging activities. The molecule DPPH 

is a free radical that can accept an electron 

or hydrogen radical to become stable and 

reacts with reducing agent to form new 

bond, changing the color of the solution. 

The colored DPPH solution mixed with 

natural antioxidants. DPPH gives rise to 

the reduced form with the loss of violet 

color by the effect of natural antioxidants. 

Thus, DPPH scavenging activity by CBL 

extract proves the presence of significant 

antioxidant properties. Human beings are 

exposed to H2O2 indirectly via 

environment. This, H2O2 may enter into 

the human body by normal physiological 

function. Inhibition of H2O2 indirectly 

from environment is rapidly decomposed 

into oxygen and water and this may 

produce hydroxyl radicals (OH.) that can 

cause lipid peroxidation and DNA damage 

in the body. Therefore, the ability of CBL 

extract to scavenge H2O2 proves beneficial 

for our health. Nitric oxide plays an 
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important role as pro-inflammatory 

mediators. Nitric oxide (NO.) is 

synthesized from the amino acid L-

arginine by the activation of nitric oxide 

synthase (NOS). During chronic 

inflammation iNOS (Calcium independent 

isoform of NOS) is activated by LPS 

(Lipopolysaccharide) and produces huge 

amount of nitric oxide. The active NO. 

translocate NF- and leads to the 

formation of cancer. In mitochondria 

excess amount of nitric oxide reacts with 

superoxide radical to produce reactive 

peroxynitrite radical which further cause 

oxidative stress related disorder. In the 

present study, it is demonstrated that nitric 

oxide is down regulated by CBL extract 

when compared to standard silymarin. 

Thus, C. bonplandianus might inhibit the 

inflammation related disorders. On the 

otherhand peroxynitrate (OONO-), a 

reactive nitogen species containing free 

radical, is a cytotoxic agent with strong 

oxidizing properties. The oxidizing 

properties of peroxynitrate (OONO-) 

towards various cellular constituents 

including amino acids, lipid, and 

nucleotide can cause cell death, lipid 

peroxidation and alleviating chances of 

carcinogenesis. Therefore, peroxynitrate 

scavenging activity by CBL extract is 

beneficial for health. Hydroxyl radical 

generated from hydrogen peroxide by 

Fenton reaction is one of the potent 

reactive oxygen species in the biological 

system that react with phospholipids 

containing polyunsaturated fatty acid 

moieties of cell membrane and cause 

damage of cell (Huang et al., 2005). 

Hypochlorous acid produced from the site 

of chronic inflammation resulting from the 

oxidation of Cl- ion by the neutrophil 

enzyme, myelo-peroxidase. Hypochlorous 

acid degrades heme prosthetic group and 

inactivates the antioxidant enzyme 

catalase. Leaf extract of C. bonplandianus 

also prove that it has the potentiality to 

scavenge proxynitrate, hydroxyl radical, 

superoxide, singlet oxygen and other free 

radicals that cause the harmful effect in 

our biological system. Thus, CBL extract 

might prove to be a key component in 

prevention of various diseases related to 

oxidative stress and free radical 

generation. Keeping in mind the crucial 

role played by oxidative stress in liver 

disease, medicinal plant derived 

antioxidant can clearly be considered as a 

good therapeutic strategy. In the present 

study it is tried to establish how 

antioxidants are linked with hepatic 

damage or disorder. For this above 

mentioned study CCl4 (Haloalkane) was 

chosen to induce hepatic damage in murine 

model amelioration by the leaf extract of 

C. bonplandianus was investigated 

through antioxidant and anti-inflammatory 

activities. The toxicity profile of CCl4 is 

well established worldwide (Ruprah et al., 

1985; Stewart et al., 1964; New et al., 

1962). Extensive usage of CCl4 in 

industrial sectors has a rich history of 
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environmental toxicity and occupational 

hazards. This had lead to awareness in the 

industrial and domestic use of CCl4 from 

and import of CCl4 (U.S. Environmental 

Protection Agency, 2010). Multiple 

sources for generation of reactive oxygen 

species (ROS) have been identified; 

among them CCl4 was used in the present 

study as a source for intracellular 

production of ROS. Hydrogen peroxide 

(H2O2) is a stable free radical having 

important role in signalling pathways 

(Ohno and Gallin, 1985). Increased levels 

of ROS productions are associated with 

oxidative stress in cell.  H2DCFDA was 

used to detect the production of 

intracellular ROS generation. H2DCFDA 

detects hydrogen peroxide by exhibiting 

fluorescence on WRL-68 cell line exposed 

to H2O2, suggesting a H2O2 induced 

oxidative stress. Generally, CCl4 

contribute to increase in ROS level. 

However, a substantial reduction in 

fluorescence intensity was seen with the 

increase in concentration of CBL from 50-

200µg/ml. This suggests that under the 

influence of CBL, CCl4 induced ROS was 

diminished proportionately. It can be 

inferred that CBL plays an important role 

in reducing the impact of CCl4 on normal 

intracellular function.  

Carbon tetrachloride (CCl4) induced 

hepatoxicity is caused to some extent by 

the partial pressure of reactive oxygen in 

tissues. Low partial pressure of oxygen 

results in the formation of CCl3
* and 

CHCl2
* radicals (De Groot et al., 1988; 

Masuda and Nakamura,  1990).  

Metabolism of lipid is hampered by CCl4 

and cause steatosis or fatty liver. On the 

other hand, high partial pressure of oxygen 

shifts CCl4 metabolisms towards the 

formation of CCl3-OO* radical with 

consequent lipid peroxidation and lead the 

cells from steatosis into apoptosis (De 

Groot et al., 1988; Kiezcka and Kappus, 

1980). In CCl4 induced liver injury model, 

oxidative stress can provoke and promote 

lipid peroxidation that damage the 

hepatocellular membrane (De Groot et al., 

1988). This hepatocellular damage is 

followed by the release of pro-

inflammatory chemokines and cytokines 

(Feng et al., 2011). 

4 is required for the 

synthesis of chlorofluorocarbons (CFCs) 

that are used as heat transfer agents in 

refrigerating equipments and as aerosol 

propellants. In United States, CCl4 has 

been widely used for industrial and 

domestic cleaning and sterilisation. There 

are many cells like kupffer cells, hepatic 

stellate cells and endothelial cells those are 

more sensitive to oxidative stress related 

molecules. TNF- can be produced in 

kupffer cells by oxidative stress, which 

might increase inflammation and 

apoptosis. In studied animal model 

significant (P<0.001) loss of body weight 

and relative liver weight have occurred 

after CCl4 toxicity. After the treatment 
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with CBL extract, the changes in the final 

body weight were much less compared to 

control and sylimarin group. This result 

indicates CBL extract has the potentiality 

in restricting drastic body weight changes 

through anti-hyperlipidimic activity. 

Biomarker of hepatotoxicity represents the 

altered levels of hepatobillary enzymes 

transaminase and phosphatase. Whereas 

normalization of these enzymatic 

parameters represent the improvement of 

normal liver function (Amacher, 2002; 

Zimmerman, 1998; Zimmerman, 2000). 

Significant elevation of ACP, ALP, AST, 

ALT, GGT, LDH, glucose, urea, globulin, 

bilirubin and cholesterol levels and 

subsequent liver injury are caused due to 

CCl4 toxicity. All the parameters were 

subsequently normalized to certain extent 

due to the sylimarin extract and CBL 

extract administration. Cultured liver cells 

can serve as a model for evaluation of in 

vitro hepatotoxicity because of its 

similarity between intact hepatic systems 

(Weber et al., 2003). The in vitro 

enzymatic result also supports the 

hepatoprotective potentialities of the plant 

extract. CCl4 is biotransformed by 

CYP2E1.  CYP2E1 is a member of 

cytochrome P450 mixed function oxidase 

system. CYP2E1 is involved in the 

metabolism of xenobiotics in the body to 

produce CCl3
. and CCl3OO., and as a result 

of that tremendous hepatocellular necrosis 

is casued. Zonal haemmorrhagic necrosis 

around the portal veins in the CCl4 group 

demonstrated the hepatocellular injury. 

Hepatic injury was also supported by MTT 

cell viability assay which showed loss of 

cell viability due to CCl4 toxicity. However 

significant improvement was observed 

after the treatment with CBL extract. 

Generation of oxidative stress due to CCl4, 

deactivates the cellular anti-oxidative 

enzymes (Tsai et al., 2009). Peroxidase, 

catalase and superoxide dismutase are the 

major anti-oxidative enzymes responsible 

for the neutralization of free radicals. 

Hydrogen peroxide and lipid peroxides 

converts into non reactive species by the 

action of peroxidase enzyme. On the other 

hand catalase prevents the formation of 

highly reactive OH. by scavenging H2O2, 

the key molecule of fenton reaction. SOD 

(super oxide dismutase) alternatively 

catalyzes the dismutation of superoxide 

radicals into ordinary molecular oxygen or 

hydrogen peroxide. Glutathione is a major 

anti-oxidant enzyme that can also serve as 

a redox or cell signaling regulator and 

guard the cells against oxidative injury by 

reducing H2O2 and scavenging reactive 

oxygen and nitrogen radicals. CCl4 derived 

trichloromethyl peroxy radicals (CCl3OO.) 

accept the proton from polyunsaturated 

fatty acid in the biological membrane and 

cause lipid peroxidation and inhibition of 

oxidative enzymes. By the inhibition of 

anti-oxidative enzymes, there is 

accumulation of O2
.- and H2O2  which is 

cascade phenomenon of free radical 

formation and cause hepatic damage (Tsai 
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et al., 2009). Due to high levels of 

polyunsaturated fatty acid and transition 

metals, lipid membranes are vulnerable to 

oxidative stress and nitrosative stress and 

this transition metals such as iron are 

capable of damaging nuclear protein, 

DNA, inhibit enzymes and degrade lipid 

membrane through oxidative Haber-Weiss 

reaction (Stohs and Bagchi, 1995; Flora et 

al., 2008; Valko et al., 2004). CCl4 toxicity 

markedly increases oxidative stress, 

lowering liver anti-oxidative enzymes. In 

this study it is established that the 

diminished catalase, peroxidase and 

superoxide dismutase levels and elevated 

MDA levels were subsequently normalize 

by CBL administration.  

Liver disease/failure is accompanied by 

the up and down inflammatory conditions. 

TNF- and NO plays a major role as pro-

inflammatory mediators during oxidative 

stress related liver injury which leads 

towards the apoptotic cell death and 

fibrosis (Weber et al., 2003; Morio et al., 

2001). Kupffer cells secret a vast array of 

cytokines (TNF- IL-1, IL-6, IL-8), 

chemokines (KC/GRO, IP-109, MIP-2, 

MCP-1) and pro-inflammatory mediators 

like NO which initiates hepatic 

inflammation and toxicity under such 

xenobiotic induced hepatotoxic condition. 

Reactions of the hepatotoxicity and 

fibrinogenesis are initiated by the action of 

TNF- and the overproduction of NO 

resulting in endotoxin shock and 

inflammatory hepatic injury. Excess 

amount of NO couples with O2
.- to 

generate highly reactive ONOO- in the 

liver mitochondria. In the present study 

CCl4 toxicity resulted significant (P<0.001) 

increase in TNF- and NO levels, those 

were significantly lowered by the 

administration of CBL extract. These 

results proved that leaf extract of C. 

bonplandianus exhibited potent anti-

inflammatory activities through the 

suppression of pro-inflammatory 

mediators of chronic hepatotoxicity.  

A key aspect of liver injury is the role of 

GSH (reduced glutathione) in response to 

exogenously and endogenously imposed 

stress by redox reaction. This stress 

activates various signal transduction and 

transcriptional pathways. TNF- is a 

crutial cytokine which mediates liver 

injury. The binding of soluble TNF- to 

TNFR1 on the plasma membrane of 

hepatocytes trigger the exposure of 

cytoplasmic death domain of TNFR1 to 

form complex 1, which activates NF-

JNK and P53 cascade to propagate 

inflammation and survival signaling . GSH 

is depleted due to CCl4 toxicity after the 

susceptibility of hepatocytes by TNF-

(Matsumaru et al., 2003; Nagai et al., 

2002). The altered GSH level due to CCl4 

toxicity was subsequently controlled by 

the administration of CBL extract. The 

hepatoprotective potentialities of leaf 

extract of C. bonplandianus were further 

established by detailed histopathological 

study. The results clearly demonstrated 
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that due to CCl4 toxicity hepatic 

architectures were deformed and 

subsequently attenuated by CBL extract. 

CCl4 toxicity initiates tremendous 

hepatocellular damages like hepatocellular 

necrosis, bile duct proliferation, leukocytes 

infiltration (inflammation) and vascular 

congestion, loss of structure of hepatic 

nodules, hepatocellular fibrosis, fatty acid 

infiltration, vascular degeneration and 

calcification. All these were normalized by 

the action of CBL extract. Phytochemical 

constituents were further identified using 

FTIR and GC-MS analyses for the potent 

hepatoprotective potentialities.  

The constituents of the plant extract were 

detected by GC-MS and FTIR. In 

biochemical terms these phytochemicals 

are the constituents of CBL extract, 

responsible for all the exciting results 

obtained so far in this study. This result 

suggests the presence of acitve 

biochemicals in the plant extract. 

Therefore, help of in silico methods were 

followed to further understand these 

bioactive molecules on a molecular level. 

Molecular Docking experiments were 

carried out for the same. The bioactive 

chemicals treated as ligand showed overall 

good binding affinity with the proteins 

taken as receptors for the molecular 

docking experiments. Among the 

receptors, Hepatitis BX (PDB ID 3I7H) 

protein showed best binding affinity with 

the phytochemicals.  Hepatitis BX may act 

as the precursor for Hepatocellular 

carcinoma (HCC). Hepatitis BX promotes 

the expression of insulin-like growth factor 

(IGF) in HCC. Thus blocking this protein 

with this phytochemical can reduce the 

chances of development of HCC in case of 

liver diseases. The protein with second 

highest binding affinity is of Human 

Cytochrome p450 3A4.  Cytochrome p450 

3A4 is the major isozyme in the human 

liver. Proteins like preganane X and NF-

B also showed good interactions with 

these phytochemicals. Preganane X is a 

nuclear receptor whose primary function is 

to sense the presence of foreign toxic 

substances and in response up regulate the 

expression of proteins involved in the 

detoxification and clearance of these 

substances from the body. NF- B controls 

cytokine production and cell survival, but 

in certain cases its regulation is related to 

cancer, inflammation and autoimmune 

diseases. Phytochemicals from the CBL 

extract act as suitable ligand for all these 

receptors. So whether it is because of the 

individual bioactive phytochemical or the 

result of synergestic effects of all the 

biochemicals, the plant can be considered 

to have medicinal benefits against 

hepatotoxicity. Silymarin, a potent 

antooxidant and hepatoprotective agent, is 

used as standard for molecular docking. It 

is seen that a compound named -Amyrin 

is present in CBL extract as detected by 

GC-MS procedure; -Amyrin has best 

binding affinity with all our receptors. 

Even it showed better results than 
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silymarin. So, even for those who does not 

agree with synergistic effect of compounds 

in herbal medicine, -Amyrin has a point 

to prove as it shows better molecular 

binding affinity than an already established 

drug.  

Despite of potent antioxidative function of 

extracts claiming their indirect role against 

neurodegenerative disorder or NDs 

(Barnham et al., 2004), it was further 

intended to assess the AChE inhibitory 

activity of CBLE over NDs for the first 

time. The experiment was undertaken 

considering the complexities of several age

-related disorders (eg., dementia, AD and 

PD) occurring due to oxidative stress 

which lowers the function of acetylcholine 

(ACh) and dopamine in brain 

(Chattipakorn et al., 2007). Synthesis of 

ACh by AChE is the most crucial pathway 

for the pathophysiology of AD. Therefore, 

use of acetyl cholinesterase inhibitor 

(AChEI) to suppress the degradation of 

ACh seems to be a rational approach 

which would maintain the balance of ACh 

in synaptic cleft (Birks, 2006). In essence, 

acetyl cholinesterase enzyme hydrolyses 

the substrate (acetylthiocholine iodide) and 

produces thiocholine which in turn reacts 

-dithiobis-2-

nitrobenzoic acid) and a yellow color 

compound, 5-thio-2-nitrobenzoic acid is 

thus produced (Chattipakorn et al., 2007).  

The inhibition of cholinesterase enzyme 

activity is evident by fading of yellow 

color of the compound. In the present 

study, the AChE inhibitory activity CBLE 

was found to be higher than the standard 

eserine. Even although, the result reflected 

better AChE inhibitory activities than 

other reported medicinal plants (Mathew 

and Subhramanian, 2015; Mukherjee et al., 

2007), thereby suggesting the potent role 

of CBLE as cholinesterase inhibitors 

(AChEI) and might be useful as anti-

cholinesterase drug against AD and PD.  

Since enhanced result was observed from 

in vitro AChE inhibitory assay, it was 

intended to perceive whether CBLE have 

any memory improvement or retention 

activity on scopolamine induced rodent 

model. In essence, scopolamine causes 

oxidative stress by means of interference 

with acetylcholine in brain leading to 

cognitive impairment as well as increases 

the levels of AChE (Rahnama et al., 2015). 

The oxidative stress contributes to 

pathogenesis and histological changes in 

paitents with NDs (Gilgum-Sherki et al., 

2001). In this context, CBLE had already 

been exposed to be potent anti-oxidative 

agents in the present study. Therefore, the 

neuritherapeutic effect of CBLE on 

memory deficits in a mouse model of 

amnesia (passive avoidance test) induced 

by scopolamine was evaluated. As a result, 

passive avoidance test , a fear motivated 

avoidance test, was employed to describe 

the way in which the animal learn to avoid 

an aversive stimulus (electric foot shock) 

as a part of long term memory. Hence, it 

can be inferred that CBLE could be a 
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potent AChE-inhibitors by hindering the 

destruction of ACh (McGleenon et al., 

1999), thereby confirm the results as found 

in-vitro tests. This result also supports the 

ideas which might be due to a decrease in 

gene transcription, translation and enhance 

cholinergic activity thereby improving 

cognitive function (Shahidi et al., 2008). 

It has been well speculated that every 

cellular organism sustains its own 

antioxidant stability to protect tissues from 

oxidative damage at a certain stage. SOD, 

catalase, GSH, MDA etc. are the 

fundamental antioxidant enzymes that 

protect tissues from highly reactive 

hydroxyl radicals and superoxide anions, 

linked with NDs (Gilgum-Sherki et al., 

2001). Hence, the result suggest 

antioxidative prospective of CBLE that 

contributed to effective neuronal plasticity 

and memory function. Thus, most 

importantly, we provide first evidence for 

a potent neurotherapeutic role of CBLE in 

the protection from ROS-mediated 

neuronal damage as well as we identified 

some of the responsible target 

phytocompounds that cloud be treated as 

future CNS drug.  

The neuromodulatory potentialities of leaf 

extract of C. bonplandianus were further 

established by detailed histopathological 

study. The results clearly demonstrated 

that due to scopolamine administration 

m i c e  b r a i n  s h o w e d  s e v e r e 

chromatolysis, Gliosis and edema in 

cortex. All these were normalized by the 

action of CBL extract.  


