CHAPTER ONE
INTRODUCTION AND LITERATURE REVIEW
1.1 PREAMBLE
Almost every form of life has some type of defence system. Even unicellular organisms such as bacteria have evolved mechanisms to protect against invasions by other infectious agents. Multi-cellular organisms including plants, invertebrates, and vertebrates, possess intrinsic mechanisms for defending themselves against microbial infections (Abbas and Lichtman, 2004). Vertebrates (including humans) are continuously exposed to microorganisms and their metabolic products that can cause diseases. Hence, the need for a system that protects them against adverse consequences of this exposure. The mammalian immune system constitutes a complex collection of defensive mechanisms acting in concert, functioning at different levels, and employing a wide variety of defensive mechanisms. These include both ancient forms of defence shared with most other life forms and more recently evolved mechanisms that provide greater degrees of discrimination and a more intense focus in the targeting of immune responses (Doan et al., 2005).
Immunity [Latin ‘immunis’ -free of burden] refers to the general ability of a host to resist a particular infection or disease. The collection of cells, tissues, and molecules that mediate this resistance to infections is called the immune system, and the coordinated reaction of these cells and molecules to infectious microbes is the immune response. Immunology is the science that is concerned with immune responses to the foreign challenge and how these responses are used to resist infection. It includes the distinction between “self” and “non-self” and all the biological, chemical, and physical aspects of the immune response (Prescott et al., 2002).
Although vital to survival, the immune system is similar to the proverbial two-edged sword. On the one hand, immunodeficiency states render humans easy prey to infections and possibly tumours; on the other hand, a hyperactive immune system may cause fatal disease, as in the case of an overwhelming allergic reaction to the sting of a bee. In yet another series of derangements, the immune system may lose its normal capacity to distinguish self from non-self, resulting in immune reactions against one's own tissues and cells (autoimmunity) (Kumar et al., 2005). The emergence of the acquired immunodeficiency syndrome (AIDS) since the 1980s has tragically emphasized the importance of the immune system for defending individuals against infections. 
Nevertheless, the impact of immunology goes beyond infectious disease. The immune response is the major barrier to successful organ transplantation, an increasingly used therapy for organ failure. Attempts to treat cancers by stimulating immune responses against cancer cells are being tried for many human malignancies. Furthermore, abnormal immune responses are the causes of many diseases with serious morbidity and mortality. For all these reasons and more, the field of immunology has captured the attention of clinicians, scientists, and the lay public (Abbas and Lichtman, 2004).
1.1.1 A HISTORICAL PERSPECTIVE 
Immunology is a relatively new science. Progress in immunological science has been driven by the need to understand and exploit the generation of immune states exemplified now by the use of modern vaccines. From almost the first recorded observations, it was recognized that persons who had contracted and recovered from certain infectious diseases were not susceptible (i.e. were immune) to the effects of the same disease when re-exposed to the infection. During then plague of Athens in 430BC, Thucydides noted that people who had recovered from a previous bout of the disease could nurse the sick without contracting the illness a second time (Retief and Cilliers, 1998). Since that time, many attempts have been made to induce this immune state (Gross and Sepkowitz, 1998).
In the late 18th century, Edward Jenner, an English country doctor, observed the similarity between the pustules of smallpox and those of cowpox, a disease that affected the udders of cows. He also observed that milkmaids who had contracted cowpox by the handling of diseased udders were immune to small- pox. Jenner deliberately inoculated a young boy with cowpox, and after the boy’s recovery, inoculated him again with the contents of a pustule taken from a patient suffering from smallpox; the boy did not succumb to infection from this first, or any subsequent challenges, with the smallpox virus (Jenner, 1801; Willis, 1997).
Even though the mechanisms by which this protection against smallpox were not understood, Jenner’s work had shown proof of principle that the harmless stimulation of our adaptive immune system was capable of generating an immune state against a specific disease, and thereby provided the basis for the process we now understand as vaccination. The Latin word for cow is ‘vacca’ and the cowpox virus is otherwise known as the ‘vaccinia’ virus, therefore, the term ‘vaccine’ was introduced by Pasteur to commemorate Jenner’s work (Gumbleton and Furr, 2004).
The discoveries of Koch and other great 19th century microbiologists stimulated the extension of Jenner's strategy of vaccination to other diseases. In the 1880s, Louis Pasteur devised a vaccine against cholera in chickens, and developed a rabies vaccine that proved a spectacular success upon its first trial in a boy bitten by a rabid dog (Duclaux, 1920; Plotkin, 2005
). These practical triumphs led to a search for the mechanism of protection and to the development of the science of immunology.  
In 1890, Emil von Behring and Shibasaburo Kitasato discovered that the serum of vaccinated individuals contained substances, which they called antibodies that specifically bound to the relevant pathogen (Silverstein, 1989). A specific immune response, such as the production of antibodies against a particular pathogen, is known as an adaptive immune response, because it occurs during the lifetime of an individual as an adaptation to infection with that pathogen. In many cases, an adaptive immune response confers lifelong protective immunity to re-infection with the same pathogen. This distinguishes such responses from innate immunity, which, at the time that von Behring and Kitasato discovered antibodies, was known chiefly through the work of the Great Russian immunologist Elie Metchnikoff. Metchnikoff discovered that many microorganisms could be engulfed and digested by phagocytic cells, which he called macrophages (Metchnikoff, 1905, 1939; Janeway et al., 2001).
1.2 ORGANS AND TISSUES OF THE IMMUNE SYSTEM
The lymphoid organs are organized tissues containing large numbers of lymphocytes in a framework of non-lymphoid cells. In these organs, the interactions lymphocytes make with non-lymphoid cells are important either to lymphocyte development, to the initiation of adaptive immune responses, or to the sustenance of lymphocytes (Janeway et al., 2001).
Based on function, the organs and tissues of the immune system can be divided into primary or secondary lymphoid organs or tissues. The primary lymphoid organs or tissues are where immature lymphocytes mature and differentiate into antigen-sensitive mature B and T cells. The thymus is the primary lymphoid organ and bone marrow is the primary lymphoid tissue. 
The secondary organs and tissues serve as areas where lymphocytes may encounter and bind antigen, whereupon they proliferate and differentiate into fully mature, antigen-specific effector cells. The spleen is a secondary lymphoid organ and the lymph nodes and mucosal-associated tissues (GALT, gut-associated lymphoid tissue and SALT, skin-associated lymphoid tissues) are the secondary lymphoid tissues (Prescott et al., 2002).
1.2.1 PRIMARY LYMPHOID ORGANS AND TISSUES
Immature undifferentiated lymphocytes are generated in the bone marrow and mature and become committed to a particular antigenic specificity within the primary (or central) lymphoid organ/tissues. The two most important of these in mammals are the thymus and bone marrow (Prescott et al., 2002). 
BONE MARROW
All the cells of the immune system are initially derived from the bone marrow through a process called haematopoiesis. During foetal development, haematopoiesis occurs initially in yolk sac and Para-aortic mesenchyme and later in the liver and spleen. This function is taken over gradually by the bone marrow. During haematopoiesis, bone marrow-derived stem cells differentiate either into mature cells or into precursors of cells that migrate out of the bone marrow to continue their maturation in thymus. Bone marrow is the source of progenitor cells and thus the site of B-cell maturation (Prescott et al., 2002). Therefore, the bone marrow produces B cells, natural killer cells, granulocytes and immature thymocytes, in addition to red blood cells and platelets. The bone marrow also plays a role in the differentiation of progenitor cells into B-lymphocytes and functions as the bursa equivalent in human. It is from the term bursa, that the B-lymphocytes derived their name. “Bursa of fabricius” is the primary lymphoid organ in birds (Janeway et al., 2001).
Mature lymphocytes that emerge from the thymus or bone marrow are in a “resting” state. They are mitotically inactive although they are potentially capable of undergoing cell division and of carrying out immunologic functions, they are not yet been stimulated to do either when dispersed in to the blood stream, they are known as ‘naïve’ or ‘virgin’ lymphocytes. The proliferation and maturation of precursor cells in the bone marrow are stimulated by cytokines, many of which are called colony-stimulating factors (CSFs). The bone marrow also contains antibody- secreting plasma cells, which have migrated from the peripheral lymphoid tissue (Doan et al., 2005).


THYMUS
The thymus is a gland located in the anterior mediasternum just above the heart, which reaches its greatest size just prior to birth, then atrophies with age. Immature lymphocytes begin to accumulate in the thymus of human embryos at about 90-100 days after fertilization. Initially most of these immature lymphocytes have come from the yolk sac and foetal liver rather than the bone marrow. Progenitor cells that leave the bone marrow migrate to the thymus for proliferation and differentiation. This process is facilitated by a hormone, thymosin. The differentiated cell is known as thymus- derived T cell. Once the immature lymphocytes have passed the blood-thymus barrier, they are called thymocytes. 
Mature T cells migrate from the thymus to secondary lymphoid organs such as lymph nodes, Peyer’s patches and spleen. Involution of the thymus is the first age-related change occurring in the immune system of humans. Ultimately, the thymus becomes an encapsulated and consists of many lobes, each divided into an outer cortical region and an inner medulla. The cortex contains mostly immature thymocytes, some of which mature and migrate to the medulla, where they learn to discriminate between self and non-self during foetal development and for a short time after birth. T cells leave the medulla to enter the peripheral blood circulation, through which they are transported to the secondary lymphoid organs. About 98% of all T cells die in the thymus. The greatest rate of T cell production occurs before puberty. After puberty, the thymus shrinks and the production of new T cells in the adult thymus drops away. Children with no development of thymus suffer from “DiGeorge syndrome” that is characterized by deficiency in T cell development but normal numbers of B cells (Precsott et al., 2002).



1.2.2 SECONDARY LYMPHOID ORGANS AND TISSUES
While primary lymphoid organs are concerned with production and maturation of lymphoid cells, the secondary or peripheral lymphoid organs are sites where the lymphocytes localise, recognise foreign antigen and mount response against it. These include the lymph nodes, spleen, tonsils, adenoids, appendix, and clumps of lymphoid tissue in the small intestine known as Peyer's patches. The spleen is the most highly organized secondary lymphoid organ and the lymph nodes the most highly organized tissue. The function of the secondary lymphoid organs is to maximize encounters between lymphocytes and foreign substances, and it is from this site that most immune responses are launched. Some lymphoid organs are capsulated such as lymph nodes and spleen while others are non-capsulated, which include mostly mucosa-associated lymphoid tissue (MALT) (Gumbleton and Furr, 2004).
SPLEEN
Situated in the left upper quadrant of the abdomen and weighing about 150 grams, spleen is the largest single lymphoid organ in the body. It has a dense fibrous capsule with muscular trabeculae extending inward to subdivide the spleen into lobules. The spleen specializes in filtering the blood and trapping blood-borne microorganisms and antigens, and it is the major organ in which antibodies are synthesized and released into circulation. In addition to capturing foreign antigens from the blood that passes through the spleen, migratory macrophages and dendritic cells also bring antigens to the spleen via the bloodstream. Persons lacking spleen (e.g. splenectomy) are highly susceptible to infections with capsulated bacteria such as pneumococci and meningococci. Spleen is the major site for phagocytosis of antibody coated bacteria and destruction of aged red blood cells. 
The spleen is composed of two types of tissue, the red pulp and the white pulp. The red pulp contains vascular sinusoids, large number of erythrocytes, resident macrophages, dendritic cells, granulocytes, few plasma cells and lymphocytes. It is the site where aged platelets and erythrocytes are destroyed. The white pulp contains the lymphoid tissue clustered around small arterioles and is known as a peri-arteriolar lymphoid sheath (PALS). PALS contain mainly T lymphocytes, about 75% of which are CD4+ helper T cells (Gumbleton and Furr, 2004).
LYMPH NODES 
Lymph nodes are specialized for trapping microorganisms and antigens from local tissues. They lie at the junctions of lymphatic vessels where they filter out harmful microorganisms and antigens from the lymph; pathogens and antigens are trapped by phagocytic and dendritic cells. Fixed macrophages then phagocytose the foreign material. It is within the lymph nodes that B cells proliferate into antibody- secreting plasma cells. Dendritic and T cells are also found here; dendritic cells serve as antigen-presenting cells and T helper cells promote the B-cell immune response (Prescott et al., 2002).
Clusters of lymph nodes are strategically placed in the neck, axillae, groin, mediastinum and abdominal cavity, where they filter antigens from the interstitial tissue fluid and the lymph during its passage from the periphery to the thoracic duct. The key lymph nodes are the axillary lymph nodes, the inguinal lymph nodes, the mesenteric lymph nodes and the cervical lymph nodes. Lymph nodes that protect the skin are termed somatic nodes, while deep lymph nodes protecting the respiratory, digestive and genitourinary tracts are termed visceral nodes.
Each lymph node is surrounded by a fibrous capsule that is pierced by numerous afferent lymphatics that drain lymph into marginal sinus. Each lymph node is divided into an outer cortex, inner medulla and intervening paracortical region. The cortex is a high traffic zone where re-circulating T and B-lymphocytes enter from the blood. Aggregates of cells called follicles are present in the cortex, which in turn may have central areas called germinal centres. Follicles without germinal centres are called primary follicles and those with germinal centres are called secondary follicles. Primary follicles are rich in mature but resting B cells. Germinal centres develop in response to antigenic stimulation and consist of follicular dendritic cells and reactive B cells. The medulla contains a mixture of B cells, T cells, plasma cells and macrophages. The medulla consists of medullary cords that lead to the medullary sinus. The cords are populated by plasma cells and macrophages. Between these two zones, lie the paracotex (T cell area) that contains T lymphocytes, dendritic cells and mononuclear phagocytes. Most of the T cells (70%) located there are CD4+ helper cells. Generalized lymph node reactivity can occur following systemic antigen challenge (Prescott et al., 2002).
MUCOSA ASSOCIATED LYMPHOID TISSUE (MALT)
Approximately greater than 50% of lymphoid tissue in the body is found associated with the mucosal system. MALT is composed of gut-associated lymphoid tissues (GALT) lining the intestinal tract, bronchus-associated lymphoid tissue (BALT) lining the respiratory tract, and lymphoid tissue lining the genitourinary tract. The respiratory, alimentary and genitourinary tracts are guarded by sub-epithelial accumulations of lymphoid tissue that are not covered by connective tissue capsule. They may occur as diffuse collections of lymphocytes, plasma cells and phagocytes throughout the lung and lamina propria of intestine or as clearly organised tissue with well-formed lymphoid follicles. The well-formed follicles include the tonsils (lingual, palatine and pharyngeal), Peyer’s patches in the intestine and appendix. The major function of these organs is to provide local immunity by way of IgA (also IgE) production. Diffuse accumulations of lymphoid tissue are seen in the lamina propria of the intestinal wall. The intestinal epithelium overlying the Peyer's patches is specialized to allow the transport of antigens into the lymphoid tissue. 
Gut-associated lymphoid tissue includes lymphoid tissue in the intestines (payer’s patches) and the liver. Gut associated lymphoid tissue is involved in lymphocyte circulation, i.e. pre- B cells develop in payer’s patches and after meeting antigen from the gut, they enter to the general circulation and then return back to the gut. Tonsils are nodular aggregates of lymphoid tissues, their function is to detect and respond to pathogens in the respiratory secretion (Debebe, 2004). 
1.3 CELLS OF THE IMMUNE SYSTEM
The cells of the immune system are the white blood cells called leucocytes [Greek leucos, white and kytos, cell]. All of the leucocytes originate from pluripotent stem cells in the fetal liver and in the bone marrow where many of them also mature (Prescott et al., 2002). The differentiation of these progenitor cells is under the control of a variety of growth factors, e.g. granulocyte- or macrophage-colony stimulating factors (G-CSF and M-CSF, respectively) released by monocyte and macrophage cells as well as by fibroblasts and activated endothelial cells. These growth factors promote the growth and maturation of monocyte and granulocyte populations within the bone marrow before their release into the lymphoid and blood circulations (Gumbleton and Furr, 2004). They then migrate to guard the peripheral tissues, circulating in the blood and in a specialized system of vessels called the lymphatic system.
Five morphologically distinct types of leucocytes are commonly found in the circulation and may be classified as granular (containing cytoplasmic granules- polymorphonuclear cells, basophils and eosinophills) or as agranular cells (lymphoid cells and mononuclear cells) (Doan et al., 2005).
1.3.1. T LYMPHOCYTES
About 70% of human blood lymphocytes are T lymphocytes. The main functions of T lymphocytes are to exert effects on other cells; either regulating the activity of cells of the immune system or killing cells that are infected or malignant. Like B-lymphocytes, T cells have surface antigen receptors, but there is no secreted form of this equivalent to antibodies. Furthermore, T cells cannot recognize antigens in their native forms, but only when they are presented on the surface of antigen-presenting cells (APCs). The antigen receptors of most T cells are composed of two polypeptides called ‘a’ and ‘b’ chains, and they interact with peptides derived from the degradation (processing) of foreign antigenic proteins. These peptides are bound to molecules of the major histocompatibility complex (MHC) on the surface of APCs. The interaction between the T-cell antigen receptors and the peptide–MHC complexes binds a T cell to the surface of an APC, thus targeting the T cell to exert effects on the APC. There are two types of MHC molecules, called class I and class II, which present antigen peptides to T cells expressing the surface proteins CD8 or CD4, respectively. This is because CD8 binds to MHC class I and CD4 binds to MHC class II (Levinson, 2004).
1.3.2 NATURAL KILLER CELLS (NK CELLS)
They account for 10-15% of blood lymphocytes. They are rare in lymph nodes and do not circulate through lymph. Natural killer cells have the morphology of lymphocytes but do not bear a specific antigen receptor. They recognise abnormal cells in two ways. First, they bear immunoglobulin receptors (FcR) and bind antibody-coated targets leading to antibody-dependent cellular cytotoxicity. Second, they have receptors on their surface for MHC class I. NK cells are present in tissues as resident cells and can be recruited to sites of inflammation (Prescott et al., 2002). 
NK cells are also called Large Granular Lymphocytes (LGLs); i.e. large lymphocytes containing azurophilic granules in the cytoplasm. NK cells derive from bone marrow but do not require thymus for development. NK cells are so called because they kill variety of target cells (such as tumour cells, virus-infected cells, and transplanted cells) without the participation of MHC molecules. They can kill target cell without a need for activation unlike cytotoxic T lymphocytes. They have no immunologic memory and, unlike cytotoxic T cells, have no T-cell receptor; hence, they mediate a form of natural (innate) immunity (Todd, 2010).
They are called “natural” killer cells because they are active without prior exposure to the virus, are not enhanced by exposure, and are not specific for any virus. They can kill without antibody, but antibody (IgG) enhances their effectiveness, a process called antibody-dependent cellular cytotoxicity (ADCC) (Levinson, 2004). Since they lack antigen receptors, NK cells do not recognize specific antigens on the surface of a target cell. Instead, they detect molecular changes in the surface of a cell, which are indicative of that cell being abnormal and therefore a potential threat to the body. In particular, they kill cells with reduced expression of MHC class I molecules, as can result from viral infection or malignant transformation. NK cells express surface ligands for MHC class I known as killer inhibitory receptors (KIRs) because their binding to MHC class I on the surface of a potential target cell inhibits the cytotoxic activity of the NK cell. This prevents NK cells from killing normal tissue cells with normal levels of MHC class I expression. However, when they interact with infected or malignant cells with reduced expression of MHC class I, the lack of KIR engagement allows activation of the cytotoxic mechanisms (Todd, 2010).
1.3.3 B LYMPHOCYTES
B-cells constitute 5-15% of human blood lymphocytes and are derived from progenitor cells through an antigen- independent maturation process occurring in the bone marrow and GALT. These cells serve as the primary source for cells responsible for humoral (antibody) response, which is a primary host defence against microorganisms (Todd, 2010). 
Participation of B-cells in the humoral immune response is accomplished by their stimulation in to plasma cells, with subsequent synthesis and secretion of immunoglobulins after antigenic stimulation. Stimulation of B-cells to produce antibodies requires the interaction between macrophages, T-cells and B-cells. In order to recognize antigens, B-cells usually require the cooperation of antigen presenting cells (APCs). Macrophages are the major antigen presenting cells that phagocytise, process and present antigen to T-cells. The T-cell that contain an antigen on its surface bound with a specific antigen receptor of B-cell known as B-cell receptor as a result the B-cell recognize its specific antigen and become activated. Activation causes the selected B-cell to divide producing clone. It also causes the B-cells to differentiate further in to plasma cells, which produce the enormous quantity of antibodies needed to fight infection. Some members of this clone become effector cells that actively fight the current infection while others remain as memory B-cells that are held in reserve to fight future infection by the same antigen (Parkin and Cohen, 2001).
Plasma cells are the end stage of B-cells differentiation, which are capable of synthesizing and excreting antibodies. Plasma cells are not found normally in the circulating blood. During activation, B cells can undergo two types of genetic changes that modify the nature of the antibodies they produce. First, they can change their antigen-binding properties by a process called somatic mutation, so that some B cells (and their antibodies) bind more strongly to their specific antigen. Secondly, they can change their immunoglobulin class (which is initially IgM and IgD) to produce antibodies with different biological effector functions (IgG, IgA or IgE) (Todd, 2010).
1.3.4 DENDRITIC CELLS
These cells are derived from bone marrow stem cells, but appear to be heterogeneous, with various precursors (including monocytes) differentiating into dendritic cells when stimulated by appropriate combinations of cytokines. They are morphologically identified by spiny membranous projection on their surfaces. Dendritic cells are a third type of cell that function as ‘professional’ antigen-presenting cells (macrophages and B-cells are the other two) i.e. they express class II MHC proteins and present antigens to CD4+ T-cells. They are particularly important because they are the main inducers of the primary antibody response. They are specialized to take up antigen and display it for recognition by lymphocytes (Janeway et al., 2001). 
Immature dendritic cells are found in tissues throughout the body (e.g. Langerhans cells in the skin epidermis). They are very efficient at capturing and processing antigens: they can ingest particulate antigens (phagocytosis), engulf material in the surrounding fluid (macropinocytosis), and take up (by receptor-mediated endocytosis) sugar-bearing antigens, which bind to surface lectins or antigen–antibody immune complexes, which bind to Fc- receptors. The internalized antigens are degraded into peptides and some of these associate with cytoplasmic MHC molecules followed by transportation to the cell surface for presentation. The dendritic cells which have captured and processed antigen mature into potent APCs as a result of their interaction with antigen and stimulation by cytokines and certain microbial products (e.g. lipopolysaccharide) (Todd, 2010).
Dendritic cells can recognize specific pathogen-associated molecular patterns on microorganisms and play an important role in non-specific resistance. They can differentiate between potentially harmful microorganisms and “self” molecules. After the pathogen is recognized, it binds to the dendritic cell’s pattern recognition receptors and then is phagocytised. Endogenous activators such as interferon, heat-shock proteins, and tumour necrosis factor that are released in response to microbial infection also stimulate these cells. After stimulation, dendritic cells migrate to the bloodstream or lymphatic system and present antigens to T cells. Thus, dendritic cells also play an important role in the specific immune response (Prescott et al., 2002).


1.3.5 MAST CELLS
Although they are relatively few in number compared with the other white cells, they are involved in some of the most severe immunological reactions, such as angio-oedema and anaphylaxis. Mast cells are resident cells in mucosal tissues and loose connective tissues. They function, at least in part, by sensing infection or tissue damage and then triggering inflammation. Mast cells possess cytoplasmic granules that contain histamine and cytokines. Mast cells may be activated through their PRRs and by small molecules such as complement fragments. When activated these cells very rapidly release their stored mediators, but also synthesize cytokines and lipid mediators. These secreted molecules are generally involved in the induction of acute inflammation. The lipid mediators also induce contraction of smooth muscle, such as in the lung and airways and in the gut. In the latter case, muscle contraction may help expel parasites. However, mast cells are better known for the roles they play in pathological, allergic responses. Mast cells occur in tissues in two forms – connective tissue mast cells and mucosal mast cells. The latter are the most similar to basophils. T mast cells (mucosal mast cells) contain only trypsin, whereas connective tissue mast cells contain both trypsin and chymotrypsin.   Mast cells bear high-affinity receptors for (immunoglobulin E) IgE, which rapidly absorb any local IgE. Cross-linking of these receptors by the binding of antigen to IgE leads to degranulation and release of pre formed mediators such as the vasoactive amines, histamine and serotonin. Membrane derived mediators such as leucotrienes B4, C4, D4 and E4, prostaglandins and platelet activating factor are also produced leading to increased vascular permeability, bronchoconstriction, and induction of an inflammatory response (Parkin and Cohen, 2001).
1.3.6 MONOCYTES AND MACROPHAGES
The monocytes arise from myeloid progenitors in the bone marrow. Monocytes are larger than most lymphocytes and have rounded or kidney-shaped nuclei with finely granular cytoplasm measure 12-15μm and have half-life of 3 days in circulation. They possess azurophilic lysosomal granules containing lysozyme, acid hydrolases and myeloperoxidase. Monocytes normally make up 5-10% of mononuclear leucocytes in the blood. 
Once monocytes leave circulation and enter tissue, they are called macrophages. There are two types of macrophages, one that wander in the tissue spaces and the other that are fixed to vascular endothelium of liver, spleen, lymph node and other tissue. Macrophages present in different organs have been given different names. They are histiocytes (in tissue), kupffer cells (in liver), alveolar macrophages (in lungs), peritoneal macrophages (in peritoneum), microglial cells (in brain), mesangial cells (in kidneys) and osteoclasts (in bone). Some macrophages develop abundant cytoplasm and are called epitheloid cells. Macrophages can fuse to form multi-nucleated giant cells. Some mononuclear cells differentiate into dendritic cells. 
The main functions of macrophages are to phagocytose (i.e. engulf) and destroy particulate material, microbes, infected cells, tumour cells; secretion of immunomodulatory cytokines; antigen processing and by virtue of expressing MHC class II, to present antigens to T-Helper cells. Macrophages respond to infections as quickly as neutrophils but persist much longer; hence, they are dominant effector cells in the later stage of infection. The maximal activation of macrophages to mediate phagocytosis and killing, and antigen presentation, is stimulated by cytokines. Macrophages are themselves producers of cytokines and inflammatory mediators like prostaglandins and leucotrienes. They are also an important source of some complement proteins (Todd, 2010).
1.3.7 NEUTROPHILS
Neutrophils are the most abundant leucocytes in human blood, comprising approximately 70% of total white blood cells. They are called neutrophils because their granules stain poorly with the mixture of dyes used in staining leucocytes. They are released from the bone marrow as mature cells and have very short lifespan (1– 2 days). They are not present in normal tissues, but are rapidly recruited to sites of acute inflammation. An adult typically has 3,000-7,500 neutrophils/mm3 of blood but the number may increase two- to three-fold during active infections. Adult body usually produces 1011 neutrophils per day. Like macrophages, they contain azurophilic lysosomal granules, which, in addition to myeloperoxidase, lysozyme and acid hydrolases, contain other antimicrobial proteins (e.g. defensins and serprocidins). They also possess secondary specific granules, which contain the iron-binding protein lactoferrin as well as lytic enzymes. 
Neutrophils are highly phagocytic. They constitutively possess a wide variety of antimicrobial killing mechanisms (in contrast to macrophages, in which these are usually induced). Many of the molecules needed to generate killing mechanisms are preformed and stored in different types of cytoplasmic granules. 
Neutrophils can kill microbes intracellularly and extracellularly. With intracellular killing, after phagocytosis of microbes, the phagosomes fuse with cytoplasmic granules that contain or can produce anti-microbial agents. The latter include reactive oxygen intermediates and other compounds that may be toxic to the microbes and proteases which may degrade them. In extracellular killing, these cells can also extrude neutrophil extracellular traps (NETs) composed of chromatin that are thought to trap extracellular microbes. The contents of other granules may subsequently discharge to release anti-microbial agents and proteases to help kill them. The vast number of neutrophils in the circulation means that they have a prominent role in the acute phase of the response to bacterial infection. They also produce some cytokines as well as prostaglandins and leucotrienes. In contrast to macrophages, neutrophils do not normally express MHC class II and so do not present antigens to TH cells (Todd, 2010).

1.3.8 EOSINOPHILS
These granulocytes, normally representing 1–3% of all blood leucocytes, usually possess a bi-lobed nucleus and large cytoplasmic granules of different types that stain orange with the acidic dye, eosin (hence their name). In contrast to the phagocytosis and intracellular digestion normally displayed by neutrophils, eosinophils secrete their granule contents for extracellular digestion of infectious pathogens that are too large to be engulfed (e.g., parasitic worms that induce antigen-specific IgE production, the antibodies coating the organism). Eosinophils have Fc receptors for IgG and IgE antibodies and for C3b, enabling them to bind to opsonized targets. They then secrete their antibiotic granule contents (including major basic protein, eosinophilic cationic protein, eosinophil peroxidase, and eosinophil-derived neurotoxin, which are highly cytotoxic when released onto the surface of organisms) and reactive oxygen species to bring about damage to the target. Eosinophils also produce cytokines, prostaglandins and leucotrienes, and enzymes that can inhibit the inflammatory products of mast cells (e.g. histaminase and aryl sulphatase) (Todd, 2010).
Eosinophils are recruited to certain types of inflammatory sites, particularly those associated with parasitic infections and allergic responses. As for mast cells, the contents of their granules are released when eosinophils are activated by cytokines. Several functions of eosinophils overlap with those of mast cells. These include inducing the increased production of mucus, which may help prevent attachment of infectious agents to the underlying epithelial cells. Eosinophils may have a role in healing certain types of tissue damage, such as that caused by intestinal infestation of worms. Thus, eosinophils are important in defence against parasites such as intestinal worms (Parkin and Cohen, 2001).
1.3.9. BASOPHILS
Basophils possess bi-lobed nuclei and their large cytoplasmic granules stain dark blue with basic dyes (hence the name). Basophils circulate in the blood in very small numbers (normally less than 1% of leucocytes) and are normally absent from tissues. However, they can be recruited into inflammatory sites, typically together with eosinophils. 
Basophils are morphologically and functionally similar to mast cells, although there are some differences. However, basophils are also potent stimulators of inflammation. The main products of basophils and mast cells are mediators, which promote inflammatory responses (Todd, 2010).

1.4 ARMS OF THE IMMUNE SYSTEM: INNATE IMMUNITY
Immunity is divided into two parts determined by the speed and specificity of the reaction. These are named the innate and the adaptive responses, although in practice there is much interaction between them. The term innate immunity is sometimes used to include physical, chemical, and microbiological barriers, but more usually encompasses the elements of the immune system (neutrophils, monocytes, macrophages, complement, cytokines, and acute phase proteins) which provide immediate host defence. The highly conserved nature of the response, which is seen in even the simplest animals, confirms its importance in survival (Parkin and Cohen, 2001).
The innate immune system is our first line of defence against invading organisms while the adaptive immune system acts as a second line of defence and affords protection against re-exposure to the same pathogen (Grasso et al, 2002). The innate immune mechanisms act immediately, and are followed by early-induced responses, which can be activated by infection but do not generate lasting protective immunity. Only if an infectious organism can breach these early lines of defence will an adaptive immune response ensue, with the generation of antigen-specific effector cells that specifically target the pathogen, and memory cells that can prevent re-infection with the same microorganism. The power of adaptive immune responses is due to their antigen specificity. However, they harness, and depend upon, many of the effector mechanisms used by the innate immune system (Janeway et al., 2001). Although these two arms of the immune system have distinct functions, there is interplay between these systems (i.e., components of the innate immune system influence the adaptive immune system and vice versa) (Mayer, 2006).
Innate immunity also called non-specific immunity is the immunity that is naturally present and is not due to prior sensitization to an antigen. It refers to the non-specific defence mechanisms that come into play immediately or within hours of an antigen’s appearance in the body. The cells of the innate immune system recognize and respond to pathogen in a generic manner, but it does not confer long-lasting or protective immunity to the host (Alberts et al, 2002).
Some functions of innate immunity include recruiting immune cells to sites of infection, through the production of chemical factors including specialized chemical mediators called cytokines. It also serves to activate the complement cascade to identify bacteria, activate cells and to promote clearance of antibody complexes or dead cells. Identification and removal of foreign substances present in organs, tissues, the blood and lymph, by specialised white blood cells; activation of the adaptive immune system through a process known as ‘antigen presentation’ and acting as a physical and chemical barrier to infectious agents are also carried out by innate immune system (Mayer, 2006).
Elements of the innate immune system include anatomical / physical barriers such as skin, secretory chemical molecule in the blood and cellular components. Although the effectiveness of some mechanisms is not great, collectively their defence is formidable (Prescott et al., 2002).


1.4.1 EPITHELIAL BARRIERS
Our body surfaces are defended by epithelia, which provide a physical barrier between the internal milieu and the external world that contains pathogens. Epithelial cells are held together by tight junctions, which effectively form a seal against the external environment. Epithelia comprise the skin and the linings of the body's tubular structures the gastrointestinal, respiratory, and urogenital tracts. The importance of epithelia in protection against infection is obvious when the barrier is breached, as in wounds and burns, when infection is a major cause of mortality and morbidity (Janeway et al., 2001).

MECHANICAL FACTORS
The epithelial surfaces form a physical barrier that is impermeable to most infectious agents. Thus, the skin acts as the very first line of defence against invading agents. The desquamation of skin epithelium also helps remove bacteria and other infectious agents that have adhered to the epithelial surfaces. Movement due to cilia or peristalsis helps to keep air passages and the gastrointestinal tract free from microorganisms. The flushing action of tears, saliva and urogenital tract fluid helps prevent infection of the eyes and mouth. The trapping effect of mucus that lines the respiratory and gastrointestinal tract helps protect the lungs and digestive systems from infection (Mayer, 2006). The mucous membranes of the eye (conjunctiva), respiratory, digestive, and urogenital systems withstand microbial invasion because the intact stratified squamous epithelium and mucous secretions form a protective covering that resists penetration and traps many microorganisms. This mechanism contributes to nonspecific immunity. Furthermore, many mucosal surfaces are bathed in specific antimicrobial secretions (Prescott et al., 2002).

CHEMICAL FACTORS
Fatty acids in sweat inhibit the growth of bacteria. Lysosome (a peptidoglycan hydrolase) and phospholipase found in tears, saliva and nasal secretions can breakdown the cell wall of bacteria and destabilize bacterial membranes. The low pH of sweat and gastric secretions prevents growth of bacteria. Sebum liberated from the oil (sebaceous) glands forms a protective film over the surface of the skin. Defensins found in the lung and gastrointestinal tract have antimicrobial activity. Surfactants in the lung act as opsonins. Similarly, the mucus barrier, covering mucosal surfaces such as the epithelium of the lung, serves as a false binding platform for microorganisms, preventing them interacting with the underlying host cells (Gumbleton and Furr, 2002). Mucous membranes also produce lactoperoxidase, an enzyme that produces superoxide radicals, a reactive form of oxygen that is toxic to many microorganisms (Prescott et al., 2002).
BIOLOGICAL FACTORS
Commensal microorganisms upon mucosal surfaces and upon membranes such as skin, gastrointestinal tract and conjunctiva constitute a barrier. These commensals are, under normal circumstances part of the normal flora, non-pathogenic, and help prevent colonization by pathogenic strains by secreting toxic substances or by competing with pathogenic bacteria for nutrients or attachment to cell surfaces (Gumbleton and Furr, 2004). Many of these normal bacteria synthesize and release plasmid-encoded toxic proteins (e.g., colicin, staphylococcin) called bacteriocins that are lethal to related species. Bacteriocins may give their producers an adaptive advantage against other bacteria. Sometimes they may increase bacterial virulence by damaging host cells such as mononuclear phagocytes. For example, E. coli synthesizes bacteriocins called colicins, which are coded for by several different plasmids (ColB, ColE1, ColE2, ColI, and ColV). Some colicins bind to specific receptors on the cell envelope of sensitive target bacteria and cause cell lysis, attack specific intracellular sites such as ribosomes, or disrupt energy production. It is now widely recognized that these antimicrobial peptides act as defensive effector molecules in the large intestine (Prescott et al., 2002). 
1.4.2 CELLULAR BARRIERS
These cells are the main line of defence in the non-specific immune system and they include neutrophils, macrophages, natural killer cells and eosinophils. Keratinocytes are cells that make up 90% of the epidermis. Few microorganisms can penetrate the skin because its outer layer consists of thick, closely packed cells called keratinocytes. These cells produce keratins. Keratins are scleroproteins comprising the main components of hair, nails, and outer skin cells that microorganisms cannot enzymatically attack. They are capable of secreting cytokines that cause an inflammatory response to invading pathogens (Prescott et al., 2002).
1.4.3 CYTOKINES OF INNATE IMMUNITY
Cytokines are small molecular weight messengers secreted by one cell to alter its behaviour or that of another cell. All cytokines are produced in small amounts in response to an external stimulus, such as a microbe. Cytokines send intracellular signals by binding to specific cell-surface receptors. Although most are soluble, some may be membrane-bound, making the differentiation between cytokine and receptor difficult. Cytokines are produced by virtually all cells and have a wide variety of functions. The biological effect depends on the cytokine and the cell involved, but typically, these molecules will affect cell activation, division, apoptosis, or movement. They act as autocrine, paracrine, or endocrine messengers. Cytokines produced by leucocytes and having effects mainly on other white cells are termed interleukins (Parkin and Cohen, 2001). 
In innate immunity, the principal sources of cytokines are macrophages activated by recognition of microbes. For instance, binding of LPS to its receptor on macrophages is a powerful stimulus for cytokine secretion by the macrophages. Bacteria elicit much the same response via other macrophage receptors, many of which are members of the Toll-like receptor family. Cytokines are also produced in cell-mediated immunity. In this type of adaptive immunity, the major sources of cytokines are helper T lymphocytes (Abbas and Litchman, 2004). Cytokines that have chemo-attractant activity are called chemokines. Those that cause differentiation and proliferation of stem cells are called colony-stimulating factors. Those that interfere with viral replication are called interferons. 
1.4.4 INTERFERONS
Interferons are a major class of cytokine that have a particular role in immunity. They are divided into type 1 ( and  interferons) and type 2 ( or immune interferon). Type 1 Interferons have potent antiviral activity and are produced mainly by fibroblasts and monocytes as a reaction to infection. Both  and  interferon bind to the same cellular receptor and protect uninfected cells by inducing the intracellular production of molecules that inhibit or interfere with viral RNA and DNA production. They increase the expression of MHC class I molecules leading to enhanced recognition of virally infected cells by specific cytotoxic T lymphocytes. Type 1 interferons also have anti-proliferative function.  Interferon is used in the treatment of chronic hepatitis B and C infections in combination with antiviral drugs (Hoofnagle and Di-Biscerglie, 1997; Min et al., 2001) as well as in some forms of leukaemia (Brustein and McGlave, 2001). -Interferon reduces the relapse rate in subgroups of patients with multiple sclerosis (Polman and Uitdehaag, 2000).  Interferon  has different functions, acting directly on the immune system to activate macrophage and neutrophils intracellular killing, stimulate natural-killer cell function, and enhance antigen presentation by increasing MHC class II expression on antigen presenting cells. Interferon  is only produced by cells of the immune system and uses a separate receptor to that of the type 1 interferons. It is used in the treatment of a specific congenital neutrophil defect (chronic granulomatous disease) and in patients with defects in the production of interferon  or its receptor, and in the adjunct therapy of some macrophage-based infections (leishmaniasis, atypical mycobacterial disease) (Artsila et al., 1999).
1.4.5 PHAGOCYTOSIS
Phagocytic cells (monocytes, tissue macrophages, and neutrophils) are an important early defence against invading microorganisms. These phagocytic cells recognize, ingest, and kill many extracellular microbial species by the process called phagocytosis [Greek phagein, to eat, and cyte, cell, and osis, a process] (Prescott et al., 2002). Thus, phagocytosis is the process by which leucocytes and other cells ingest particulate ligands whose size exceeds about 1µm. This phylogenetically conserved process is critical for innate immunity. 
By ingesting microbial pathogens, phagocytic leucocytes accomplish two essential immune functions. Firstly, they initiate a microbial death pathway, in part by routing ingested pathogens to lysosomes, which are rich in hydrolytic enzymes, and by targeting the phagocyte oxidase complex to the phagolysosome. Secondly, phagocytic leucocytes, particularly dendritic cells (DC), utilize phagocytosis to direct antigens to both MHC I and II compartments (Larsson et al., 2001). Thus, phagocytosis serves a dual role: as an innate immune effector as well as a bridge between the innate and acquired immune responses (Greenberg and Grinstein, 2002). During pathogen invasion, phagocytosis is also the cornerstone of the early innate immune response and host-defence mechanisms of many species (Hoffman et al., 1999). The central role of phagocytes in host defence is emphasized by observations that many pathogen virulence factors directly manipulate the process of engulfment or functions of the phagosome (Stuart and Ezekowitz, 2008).
The first step in phagocytosis is the attachment of particles to the surface of phagocytes. This is followed by ingestion, which consists of the engulfment of the particles and the fusion of the surface membrane (Rabinovitch, 1967; Silverstein et al., 1977). Phagocytes must be selective of the material that is phagocytized; otherwise, normal cells and structures of the body might be ingested. Whether phagocytosis will occur depends especially on three selective procedures. First, most natural structures in the tissues have smooth surfaces, which resist phagocytosis. However, if the surface is rough, the likelihood of phagocytosis is increased. Second, most natural substances of the body have protective protein coats that repel the phagocytes. Conversely, most dead tissues and foreign particles have no protective coats, which make them subject to phagocytosis. Third, the immune system of the body develops antibodies against infectious agents such as bacteria. The antibodies then adhere to the bacterial membranes and thereby make the bacteria especially susceptible to phagocytosis. To do this, the antibody molecule also combines with the C3 product of the complement cascade. The C3 molecules, in turn, attach to receptors on the phagocyte membrane, thus initiating phagocytosis. This selection and phagocytosis process is called opsonisation (Guyton and Hall, 2006).
OPSONIC AND NON-OPSONIC PHAGOCYTOSIS
The interaction between the cells and their targets may occur directly with components of the particle surface (non-opsonic phagocytosis) or may be mediated by opsonins (antibodies, complement components, etc.) supplied by the host (opsonin-dependent phagocytosis) in which immunological receptors are involved (Aderen and Underhill, 1999). Opsonization (Greek ‘opson’, to prepare victims for) is a process in which microorganisms or other particles are coated by serum components (antibodies and/or complement C3b) thereby preparing them for recognition and ingestion by phagocytic cells. 
In the opsonin-dependent recognition mechanism, the serum components function as a bridge between the microorganisms and the phagocyte. They act by binding to the surface of the microorganism at one end and to specific receptors on the phagocyte surface at the other.
The opsonin-independent mechanism does not require opsonins and uses other nonspecific and specific receptors on phagocytic cells that recognize structures expressed on the surface of different microorganisms. Three main forms of recognition in opsonin-independent phagocytosis have been identified. One mode, termed lectin phagocytosis, is based on the recognition between surface lectins on a cell and surface carbohydrates on the opposing cell. The second mode is the result of protein-protein interactions between the Arg-Gly-Asp peptide sequence of microorganisms and macrophage receptors. Hydrophobic interactions between bacteria and phagocytic cells also promote phagocytosis. It should be noted that a particular microbial species could express multiple adhesins, each recognized by a distinct receptor present on phagocytic cells (Prescott et al., 2002).
PHAGOCYTOSIS BY NEUTROPHILS 
The neutrophils entering the tissues are already mature cells that can immediately begin phagocytosis. On approaching a particle to be phagocytized, the neutrophil first attaches itself to the particle and then projects pseudopodia in all directions around the particle. The pseudopodia meet one another on the opposite side and fuse. This creates an enclosed chamber that contains the phagocytized particle. Then the chamber invaginates to the inside of the cytoplasmic cavity and breaks away from the outer cell membrane to form a free-floating phagocytic vesicle (also called a phagosome) inside the cytoplasm. A single neutrophil can usually phagocytize 3 to 20 bacteria before the neutrophil itself becomes inactivated and dies (Lee et al., 2003).


PHAGOCYTOSIS BY MACROPHAGES
Macrophages are professional phagocytes that are involved in both innate and adaptive immune responses (Gordon, 2007; Gordon and Taylor, 2005). Apart from their role in pathogen clearance and the function as an antigen-presenting cell, macrophages are also important in the clearance of apoptotic cells (Taylor et al., 2005). Macrophages are the end-stage product of monocytes that enter the tissues from the blood. When activated by the immune system, they are much more powerful phagocytes than neutrophils, often capable of phagocytising as many as 100 bacteria. They also have the ability to engulf much larger particles, even whole red blood cells or, occasionally, malarial parasites, whereas neutrophils are not capable of phagocytising particles much larger than bacteria. In addition, after digesting particles, macrophages can extrude the residual products and often survive and function for many more months (Aderen and Underhill, 1999; Guyton and Hall, 2006).
1.4.6 THE COMPLEMENT SYSTEM
The complement system comprises about 30 different proteins, including serum proteins, serosal proteins, and cell membrane receptors.  These proteins are produced by a variety of cells including, hepatocytes, macrophages and gut epithelial cells. Some complement proteins bind to immunoglobulins or to membrane components of cells. Others are pro-enzymes that, when activated, cleave one or more other complement proteins. Upon cleavage, some of the complement proteins yield fragments that activate cells, increase vascular permeability or opsonize bacteria (Mayer, 2006).
The complement system helps or “complements” the ability of antibodies and phagocytic cells to clear pathogens from an organism. It is part of the immune system called the innate immune system (Janeway et al., 2001). However, it can be recruited and brought into action by the adaptive immune system. Hence, the complement system plays a major role in the animal’s defensive immune response. For example, complement proteins can lyse antibody-coated eukaryotic cells and bacteria (cytolysis). Complement can mediate inflammation, attract, and activate phagocytic cells. Generally, complement proteins amplify the effects of antibodies (Prescott et al., 2002).
Three biochemical pathways activate the complement system: the classical complement pathway, the alternate pathway and the lectin pathway (Abbas et al., 2010). All of these result in the activation of C5 and lead the formation of the membrane attack complex (MAC). All three pathways lead to the production of C3b, the central molecule of the complement cascade. The presence of C3b on the surface of a microbe marks it as foreign and targets it for destruction. C3b has two important functions: it combines with other complement components to generate C5 convertase, the enzyme that leads to the production of the membrane attack complex; and it opsonizes bacteria because phagocytes have receptors for C3b in their surface (Janeway et al., 2001). The three pathways differ in the way C5 is broken down but after that, the formation of MAC is essentially the same. 
Of these pathways, the lectin and the alternative pathways are more important the first time infection by a microorganism occurs because the antibody required to trigger the classic pathway is not present. The lectin and alternative pathways are therefore participants in the innate arm of the immune system (Levinson, 2004). 
CLASSICAL PATHWAY
The classical pathway is triggered by the activation of the C1-complex. The C1-complex is composed of one molecule of C1q, two molecules of C1r and two molecules of C1s. This pathway is activated when C1q binds to IgM or IgG complexed with antigens. C1q can also bind directly to the surface of the pathogen. Such binding leads to conformational changes in the C1q molecule, which leads to the activation of two C1r molecules. C1r is a serine protease. They then cleave C1s (another serine protease). This C1r2s2 component then cleaves C4 into C4a and C4b; and C2 into C2a and C2b to form a C4b, 2b complex. The latter is C3-convertase, which cleaves C3 molecules into two fragments, C3a and C3b. C3a is an anaphylatoxin. C3b forms a complex with C4b, 2b, producing a new enzyme C5-convertase (C4b,2b,3b complex), which cleaves C5 to form C5a and C5b (Mold et al., 1999). C5a is an anaphylatoxin and a chemotactic factor. C5b binds to C6 and C7 to form a complex that interacts with C8 and C9 to produce the membrane attack complex, which causes cytolysis (Levinson, 2004).
LECTIN PATHWAY
Three proteins initiate this pathway; namely a mannan-binding lectin/protein (MBL), and two mannan-binding lectin-associated serine proteases (MASP-1 and MASP-2), all present in normal serum. Here, mannan-binding lectin (MBL) also known as mannose-binding protein, binds to the surface of microbes bearing mannan (a polymer of the sugar, mannose) and subsequently activates the serine proteases MASP-1 and MASP-2. These activated proteases then cleave C4 into C4a and C4b and C2 into C2a and C2b. C4b and C2b then bind together to form the classical C3-convertase as in the classical pathway. This process bypasses the antibody-requiring step and so is protective early in infection before antibody is formed (Levinson, 2004; Wallis et al., 2010).
ALTERNATIVE PATHWAY
The alternative pathway is continuously activated at a low level as a result of spontaneous C3 hydrolysis in serum due to the breakdown of the internal thioester bond (C3 is mildly unstable in aqueous environment). It also requires factors B and D and Magnesium ion, which are all present in normal serum. The alternative pathway does not rely on pathogen-binding antibodies like the other pathways. A C3b-like molecule (C3i) is generated by slow hydrolysis of C3. C3i binds factor B, which is cleaved by Factor D to produce C3iBb. C3iBb cleaves native C3 into C3a and C3b. C3b binds factor B, which is again cleaved by factor D to produce C3bBb also called C3 convertase (Levinson, 2004). 
After the creation of C3-convertase, the complement system follows the same path regardless of the means of activation (alternative, classical, or lectin). Binding of another C3b-fragment to the C3-convertase of the alternative pathway creates a C5-convertase analogous to the lectin or classical pathway. The C5-convertase of the alternative pathway consists of C3bBbC3b also referred to as C3b2Bb (instead of C4b2a3b in the other pathways) (Abbas et al., 2010). 
The alternative pathway provides a means of non-specific resistance against infection without the participation of antibodies and hence provides a first line of defence against a number of infectious agents. Many gram negative and some gram-positive bacteria, certain viruses, parasites, heterologous red cells, aggregated immunoglobulins (particularly, IgA) and some other proteins (e.g. proteases, clotting pathway products) can activate the alternative pathway. One protein, cobra venom factor (CVF), has been extensively studied for its ability to activate this pathway (Mayer, 2006). Both C3a and C5a have anaphylatoxin activity, directly triggering degranulation of mast cells as well as increasing vascular permeability and smooth muscle contraction (Klos et al., 2013). C5b initiates the membrane attack pathway, which results in the membrane attack complex (MAC), consisting of C5b, C6, C7, C8, and polymeric C9 (Goldman and Prabhakar, 1996). MAC is the cytolytic end product of the complement cascade; it forms a transmembrane channel, which causes osmotic lysis of the target cell.
REGULATION OF THE COMPLEMENT CASCADE
Activation of the complement system must be tightly regulated, since it has the potential to be extremely damaging to host tissues. The complement system is regulated by complement control proteins, which are present at a higher concentration in the blood plasma than the complement proteins themselves. At least twelve proteins are known involved in regulation of the complement system; examples are Factor H, Factor I, C1 inhibitor, and CD59. Factor H removes Bb from the alternative pathway C3-convertase breaking the positive feedback loop. Factor I inactivates C3b. C1 inhibitor binds to sites on activated C1r and C1s shutting down their proteolytic activity. Therefore, when antigen-antibody complexes activate C1, there is only a brief interval during which it can cleave C4 and C2, before it is deactivated by C1 inhibitor. CD59, also known as protectin, inhibits C9 polymerisation during the formation of the membrane attack complex. These inhibitory factors are critical to the normal balance of the complement system. For example, a hereditary deficiency in C3b-inactivator (called "Factor I"), results in excessive breakdown of C3 by the BbC3b complex and greatly depletes the serum levels of C3, which in turn results in high susceptibility to recurrent bacterial infections (Basta, 2008).
1.5. ARMS OF THE IMMUNE SYSTEM: ADAPTIVE IMMUNITY
The adaptive immune system, also known as the acquired or the specific immune system, is a subsystem of the overall immune system that is composed of highly specialized, systemic cells and processes that eliminate or prevent pathogen growth. Acquired immunity creates immunological memory after an initial response to a specific pathogen, leading to an enhanced response to subsequent encounters with that same pathogen. This process of acquired immunity is the basis of vaccination. Acquired immunity is triggered in vertebrates when a pathogen evades the innate immune system and generates a threshold level of antigen and generates "stranger" or "danger" signals activating dendritic cells (Janeway et al., 2001). The two main branches of adaptive immunity are the humoral and cell-mediated immunities. Below are definitions of terms frequently encountered in adaptive immunity studies.

1.5.1. ANTIGENS AND IMMUNOGENS
Although the terms antigen and immunogen are commonly used as synonyms, there are important differences between the two. Whereas an antigen, a molecule or molecular fragment (i.e., proteins or carbohydrates), can bind with antibodies or antigen receptors on B and T cells, a molecule that will induce an immune response is an immunogen. Thus, all immunogens are antigens but not all antigens are immunogens and some clinically important conditions arise when particular antigens are not immunogenic. Antigens that induce an allergic response are also called allergens (McCance et al., 2010).
1.5.2. EPITOPE 
This is also called antigenic determinant. It refers to that portion of an antigen that combines with the products of a specific immune response. Although antigens are generally large molecules, the adaptive immune response directs its recognition to discrete regions of the molecule called epitopes. Some epitopes are stretches of 10 or so amino acids, whereas others are three-dimensional shapes such as a protrusion in a globular molecule. A bacterial cell usually has many macromolecules on its surface, each with a number of different epitopes, so that the entire cell has a multitude of various epitopes. The number of antigenic determinant sites on the surface of an antigen is its valence. The valence determines the number of antibody molecules that can combine with the antigen at one time. If one determinant site is present, the antigen is monovalent. Most antigens, however, have more than one determinant site or more than one copy of the same epitope, and are termed multivalent. Multivalent antigens generally elicit a stronger immune response than do monovalent antigens (Prescott et al., 2002).
1.5.3. HAPTENS
Many small organic molecules are not antigenic by themselves but can become antigenic if they bind to a larger carrier molecule such as a protein. They cannot stimulate antibody formation or T-cell responses by themselves, but can react with antibodies once formed. Such small molecules are termed haptens. When the combined molecule stimulates lymphocytes, they can react to either the hapten or the larger carrier molecule. Conjugation of a hapten to a carrier protein makes the hapten immunogenic because the carrier protein can be processed and presented to specific T cells. As a result, both hapten-specific and carrier-specific antibodies can be made. One example of a hapten is penicillin. By itself, penicillin is not antigenic. However, when it combines with certain serum proteins of sensitive individuals, the resulting molecule does initiate a severe and sometimes fatal allergic immune reaction. In these instances, the hapten is acting as an antigenic determinant on the carrier molecule (Prescott et al., 2002).
1.5.4. PRIMARY AND SECONDARY RESPONSE
On first exposure to a given microbe or any other antigen, evidence of the adaptive immune response takes a week or more to develop. During this delay, the host depends on the protection provided by innate immunity, which may not be sufficient to prevent disease. This first response to a particular antigen is called the primary response. Because of that initial encounter, the adaptive immune system is able to “remember” the mechanism that proved effective against that specific antigen. As a result, when the same antigen is encountered later in life, there is an enhanced antigen specific immune response called the secondary response. The efficiency of the secondary response reflects the memory of the immune system (McCance et al., 2010).
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Following the first exposure to an antigen the immune response (as evidenced by following the concentration of specific antibody in the serum, called "titer") develops gradually over a period of days, reaches a low plateau within 2-3 weeks, and usually begins to decline in a relatively short period of time. When the antigen is encountered a second time, a secondary (memory) response causes a rapid rise in the concentration of antibody, reaching a much higher level in the serum, which may persist for a relatively long period. This is not to say that a protective level of antibody may not be reached by primary exposure alone, but usually to ensure a high level of protective antibody that persists over a long period of time, it is necessary to have repeated antigenic stimulation of the immune system (Todar, 2005).
1.5.5. OVERVIEW OF HUMORAL IMMUNITY
B-lymphocytes or B cells mediate humoral immunity. In humans, B cells develop in the bone marrow. In response to extracellular antigens, B cells may be triggered to proliferate and then differentiate into plasma cells, which produce Y-shaped proteins called antibodies. These molecules bind to antigens, providing protection to the host. A high degree of specificity is involved in the binding, so a multitude of different antibody molecules are needed to bind to the wide array of antigens encountered throughout life. Some of the B cells form memory B cells, long-lived B cells that respond more quickly if the antigen is encountered again.
1.5.6. ANTIBODIES
Antibodies are proteins produced by B-lymphocytes that can specifically bind a wide variety of protein and polysaccharide antigens and elicit a response that is significant in antimicrobial defence. In conjunction with the complement system, antibodies are the mediators of humoral (circulating) immunity, and their presence on mucosal surfaces provides resistance to infectious agents. Antibodies are essential for the prevention and/or cure of many types of bacterial and viral infections. As mediators of immunity, it was discovered at the turn of the century that antibodies were contained within the serum fraction of blood. It was demonstrated in 1939 that antibodies were specifically located in the gamma fraction of electrophoresed serum; thus, the term “gamma globulin” was coined for serum containing antibodies. Antibodies also called immunoglobulins (Todar, 2005).
THE STRUCTURE OF ANTIBODIES
Antibodies, also called immunoglobulins, are Y-shaped proteins that have two functional parts—the arms and the stem. The two identical arms, called the Fab regions, bind antigen. The stem is the Fc region, functioning as a “red flag” that enlists other components of the immune system. The parts of an antibody molecule were so named based on studies using the enzyme papain to digest IgG. Three fragments resulted, two of which were identical. The two identical fragments retained the ability to bind antigen and were termed antigen-binding fragments (Fab) (Schroeder and Cavacini, 2010); the third fragment crystallized and was termed the crystalline fragment (Fc). The Fab portions contain the recognition sites (receptors) for antigens and confer the molecule’s specificity toward a particular antigen. The Fc portion is responsible for most of the biologic functions of antibodies.










An immunoglobulin molecule consists of four polypeptide chains: two identical light (L) chains and two identical heavy (H) chains. The class of antibody is determined by which heavy chain is used: gamma ( γ , IgG), mu ( μ , IgM), alpha ( α , IgA), epsilon ( ε , IgE), or delta ( δ , IgD). The light chains of an antibody molecule are of either the kappa (κ) or the lambda ( λ ) type (Mayer, 2006).
Non-covalent bonds and covalent disulphide linkages hold the light and heavy chains together. A set of disulphide linkages between the heavy chains occurs in the hinge region and, in some instances, lends a degree of flexibility at that site. Each L and H chain is further subdivided structurally into constant (C) and variable (V) regions. The constant regions have relatively stable amino acid sequences within a particular immunoglobulin class or subclass. Thus, the amino acid sequence of the constant region of one IgG1 should be almost identical with the sequence of the same region of another IgG1, even if they react with different antigens. Conversely, among different antibodies, the sequences of the variable regions are characterized by a large number of amino acid differences. Therefore, two IgG1 molecules against different antigens will have many differences in the amino acid sequence of their variable regions. The amino acid differences are clustered into three areas in the variable region. These three areas were once called hypervariable regions but are now called complementary-determining regions (CDRs). The four regions surrounding the CDRs have relatively stable amino acid sequences and are called framework regions (FRs) (McCance et al., 2010).
CLASSES OF IMMUNOGLOBULINS
The immunoglobulins can be divided into five different classes, based on differences in the amino acid sequences in the constant region of the heavy chains. All immunoglobulins within a given class will have very similar heavy chain constant regions. These classes include IgG (Gamma heavy chains), IgM (Mu heavy chains), IgA (Alpha heavy chains), IgD (Delta heavy chains) and IgE (Epsilon heavy chains) (Mayer, 2006). These classes of immunoglobulins have different physical and chemical characteristics and they exhibit unique biological properties. Their synthesis occurs at different stages and rates during an immunological response and/or during the course of an infection. Their importance and functions in host resistance (immunity) are also different (Todar, 2005).
IgG is the most abundant class of immunoglobulins, constituting 80% to 85% of the immunoglobulins in the blood and accounting for most of the protective activity against infections. Because of selective transport across the placenta, maternal IgG is the major class of antibody found in blood of the foetus and newborn. Four subclasses of IgG have been described and they include IgG1, IgG2, IgG3, and IgG4.
IgA has two subclasses: IgA1 and IgA2. IgA1 is found predominantly in the blood, whereas IgA2 is the predominant class found in body secretions (secretory IgA). Secretory IgA is a dimer (a molecule consisting of two identical smaller molecules) of two IgA molecules held together through a J chain and secretory piece. The secretory piece is attached to IgA inside mucosal epithelial cells to protect these immunoglobulins against degradation by enzymes also found in secretions.
IgM is the largest immunoglobulin and usually exists as a pentamer (a molecule consisting of five identical smaller molecules) that is stabilized by a J chain. It is the first antibody produced during the initial, or primary, response to antigens. IgM is synthesized early in neonatal life, and its synthesis may be increased as a response to infection in-utero.
IgD is found in low concentrations in the blood. Its primary function is as an antigen receptor on the surface of early B cells.
IgE is normally at low concentrations in the circulation. It has very specialized functions as a mediator of many common allergic responses and in the defence against parasitic infections (McCance et al., 2010).
FUNCTIONS OF ANTIBODIES
The chief function of antibodies is to protect against infection. The mechanism can be either direct or indirect. Directly, antibodies can affect infectious agents or their toxic products by neutralization (inactivating or blocking the binding of antigens to receptors), agglutination (clumping insoluble particles that are in suspension), or precipitation (making a soluble antigen into an insoluble precipitate). Indirectly, antibodies activate components of innate resistance, including complement and phagocytes (McCance et al., 2010). The functions of antibodies can be summarised as follows:
Opsonization: Antibodies enhance phagocytic engulfment of microbial antigens. IgG and IgM antibodies have a combining site for the antigen and a site for cytophilic association with phagocytes. Bacterial and viral particles are ingested with increased efficiency.
Steric hindrance: Antibodies combine with the surfaces of microorganisms and may block or prevent their attachment to susceptible cells or mucosal surfaces. Antibodies against a viral component can block attachment of the virus to susceptible host cells and thereby reduce infectivity. Secretory IgA can block attachment of pathogens to mucosal surfaces.
Toxin neutralization: Toxin-neutralizing antibodies (antitoxins) react with a soluble bacterial toxin and block the interaction of the toxin with its specific target cell or substrate in the host.
Agglutination and precipitation: Antibodies combine with the surfaces of microorganisms or soluble antigens and cause them to agglutinate or precipitate. This reduces the number of separate infectious units and makes them more readily phagocytosed because the clump of particles is larger. In addition, phagocytes may remove floccules or aggregates of neutralized toxin.
Activation of complement: Antibodies combined with the surface antigens of microbes activate the complement cascade.
Antibody-dependent cell cytotoxicity (ADCC): IgG can enable Natural Killer cells (NK cells) to recognize and kill opsonized target cells. Certain other types of cells including monocytes and neutrophils also act this way. NK cells attach to opsonized target cells by means of an IgG Fc receptor and kill by an extracellular mechanism after attachment (Todar, 2005).
1.5.7. OVERVIEW OF CELLULAR IMMUNITY
Cellular immunity is a type of resistance in which cells of the immunological system are directly involved, but antibody production or activity is of minor importance. Cellular immunity differs from humoral immunity in that immunity cannot be transferred (passively) from animal to animal by antibodies or serum, but can be transferred by lymphocytes removed from the blood (Todar, 2005).
T-lymphocytes, or T-cells mediate cellular immunity; their name reflects the fact that they mature in the thymus. T cells involved in eliminating antigen majorly include two subsets—cytotoxic T cells and helper T cells. A third class of T cells are the regulatory T cells. Both of these have multiple copies of a surface molecule called a T-cell receptor, which is functionally analogous to the B-cell receptor; it enables the cell to recognize a specific antigen. Unlike the B-cell receptor, however, the T-cell receptor does not recognize free antigen. Instead, one of the body’s own cells must present the antigen. Cell mediated immunity is responsible for the following immunologic events: Immunity to intracellular organisms, Rejection of foreign tissue grafts, Immunity to viral and fungal antigens and delayed hypersensitivity.
T LYMPHOCYTES (T-CELLS)
T lymphocytes (T-cells) represent a large spectrum of cell types and functions. T-cells are particularly important in protection against viruses, tumours, and pathogens that are resistant to killing by normal neutrophils and macrophages. They are also essential for the development of most humoral responses (McCance et al., 2010). There are at least three functionally distinct types of T cells: cytotoxic T cells, helper T cells and regulatory or suppressor T cells. All T-cells have antigen receptor protein (T cell receptor) with which they bind foreign antigens. 

CYTOTOXIC T-CELLS
Cytotoxic T cells are effectors cells, found in the peripheral blood that have the capacity to kill other cells. These cells are able to kill cells that are showing a new or foreign antigen on their surface (as virus-infected cells, or tumour cells, or transplanted tissue cells). Cytotoxic T-cells (also known as TC-cells, killer T-cell, or cytotoxic T-lymphocyte (CTL)) are a sub-group of T-cells that induce the death of cells that are infected with viruses (and other pathogens), or are otherwise damaged or dysfunctional (Janeway et al., 2001). 
Naive cytotoxic T cells are activated when their T-cell receptor (TCR) strongly interacts with a peptide-bound MHC class I molecule. This affinity depends on the type and orientation of the antigen/MHC complex, and is what keeps the CTL and infected cell bound together (Janeway et al., 2001). Once activated, the CTL undergoes a process called clonal expansion in which it gains functionality, and divides rapidly, to produce an army of “armed”-effector cells. Activated CTL will then travel throughout the body in search of cells bearing that unique MHC Class I + peptide.
When exposed to these infected or dysfunctional somatic cells, effector CTL release perforin and granulysin: cytotoxins that form pores in the target cell's plasma membrane allowing and water to flow into the infected cell, and causing it to burst or lyse. CTL release granzyme, a serine protease that enters cells via pores to induce apoptosis (cell death). To limit extensive tissue damage during an infection, CTL activation is tightly controlled and in general requires a very strong MHC/antigen activation signal, or additional activation signals provided by "helper" T-cells (Janeway et al., 2001).
Upon resolution of the infection, most of the effector cells will die and be cleared away by phagocytes, but a few of these cells will be retained as memory cells (Janeway et al., 2001).Upon a later encounter with the same antigen, these memory cells quickly differentiate into effector cells, dramatically shortening the time required to mount an effective response.
HELPER T-CELLS
Helper T cells secret a variety of substances that help B cells make antibody response, stimulate activated T cells to proliferate, and activate macrophages. T helper cells control many B cell functions, including proliferation and differentiation. CD4+ lymphocytes, or helper T cells, are immune response mediators, and play an important role in establishing and maximizing the capabilities of the acquired immune response. These cells have no cytotoxic or phagocytic activity; and cannot kill infected cells or clear pathogens, but in essence "manage" the immune response, by directing other cells to perform these tasks. Helper T cells express T cell receptors (TCR) that recognize antigen bound to Class II MHC molecules. The activation of a naive helper T-cell causes it to release cytokines, which influences the activity of many cell types, including the APC (Antigen-Presenting Cell) that activated it. Helper T-cells require a much milder activation stimulus than cytotoxic T cells. Helper T cells can provide extra signals that "help" activate cytotoxic cells. Helper T-cells (CD4+) respond to antigen with the production of lymphokines (Janeway et al., 2001).
REGULATORY T CELLS
A third type of T lymphocyte, the regulatory T cells limits and suppresses the immune system, and may control aberrant immune responses to self-antigens; an important mechanism in controlling the development of autoimmune diseases (Janeway et al., 2001). Regulatory T cells are similar to the other T cells in that they have a T-cell receptor, but their role is entirely different. Instead of fostering a response, they appear to be critical in preventing the immune system from mounting a response against “self” molecules, thereby preventing autoimmune diseases. Thus, they are thought mainly to inhibit the response of helper T cells. Regulatory T-cells are capable of suppressing a variety of T-cell functions such as cytotoxic response, and antibody synthesis by plasma cells (Todar, 2005).
1.5.8. DELAYED TYPE HYPERSENSITIVITY
Delayed hypersensitivity reaction is one of cell mediated immunity immunologic events. TH1-cells (CD4+) are a subset of T-lymphocytes that recognize antigen in association with Class II (and possibly Class I) MHC proteins. When TH1-cells are presented antigen in association with MHC II by a macrophage, their development is stimulated by macrophage Interleukin-1 (IL-1), and auto stimulated by IL-2, which the TH-cell produces. They respond by differentiating and producing a variety of lymphokines that induce a local inflammatory response, and which attract, trap, and activate phagocytes at the site. One aspect of this response is a state of delayed-type hypersensitivity in the host. This is usually evident in chronic infections wherein cellular immunity is largely involved (e.g. tuberculosis).
Delayed-type hypersensitivity reactions usually present themselves as allergic reactions. Such allergic reactions generally require about 24 h to develop following a secondary exposure to an antigen. This time is required for the circulating TH cells (actually memory cells) to encounter the antigen and to produce cytokines that attract macrophages and TC cells to the site wherein an allergic response is established. The phagocytic and cytolytic activities of these cells are responsible for the localized tissue destruction that occurs. Poison oak (ivy) rash is a familiar example of delayed hypersensitivity, but the reaction is also evident in several types of chronic or persistent bacterial infections including tuberculosis, leprosy and brucellosis, and in some fungal and protozoal infections. One of the best-known examples of the delayed-type hypersensitivity reaction is the Mantoux (tuberculin) test, which is utilized to determine current or previous infection by the tubercle bacillus (Mycobacterium tuberculosis) (Todar, 2005).
1.6. THE CONCEPT OF INFLAMMATION
Inflammation is the body’s immediate response to damage to its tissues and cells by pathogens, noxious stimuli such as chemicals, or physical injury. It consists of recruitment and activation of leucocytes and plasma proteins at the site of infection to eliminate the infectious agent. It prepares the tissue for healing and repair. It is a stereotyped response, and therefore considered as a mechanism of innate immunity, as compared to adaptive immunity, which is specific for each pathogen (Abbas and Lichtman, 2004).
[bookmark: 4-u1.0-B0-7216-0187-1..50006-7--para28]Based on visual observation, the ancients characterised inflammation by five cardinal signs, namely redness (rubor), swelling (tumour), heat (calor), pain (dolor) and loss of function (functio laesa). The first four of these signs were named by Celsus in ancient Rome (30–38 B.C.) and the last by Galen (A.D 130–200) (Hurley, 1972). 
The inflammatory response is closely intertwined with the process of repair. Inflammation serves to destroy, dilute, or wall off the injurious agent, and it sets into motion a series of events that try to heal and reconstitute the damaged tissue. However, inflammation and repair may be potentially harmful. Inflammatory reactions, for example, underlie common chronic diseases, such as rheumatoid arthritis, atherosclerosis, and lung fibrosis, as well as life-threatening hypersensitivity reactions to insect bites, drugs, and toxins (Kumar et al., 2005).
1.6.1 CAUSES OF INFLAMMATION
The principal cause of inflammation is a pure mechanical pressure, including blunt trauma (Cohen et al., 2009; Ramlackhansingh et al., 2011), foreign bodies (Subramanian et al., 2003), vibrations (Dina et al., 2010) and chronic pressure of low intensity (New et al., 2004). The basic mechanism of causing inflammation by pressure is most probably through tissue hypoxia. Hypoxia may then generate inflammatory changes through hypoxia-inducible factor (HIF) (Adams et al., 2009) and possibly other mediators, but the main mechanism may be the direct impairment of mitochondrially- mediated anabolic processes and consequent metabolic shift towards catabolism.
The second most important physical inflammagenic factor is cold. Cold is a well-recognized etiological factor of perniosis, dermatitis upon cold exposure (Cribier et al., 2001). In addition, cold may act through frostbite. In controlled experimental conditions, cooling is capable of causing inflammatory oedema (Bruneau and Heinbecker, 1944; Karalova et al., 1990), in concordance with the ability of heat removal for stimulation of catabolism.
Of chemical etiological factors, one should note bases and reducing substances (Nowak et al., 2008; Collins et al., 2001). Effects of acids are at best controversial, having in mind their pro-coagulative and therefore burn-like activity. While impairment of oxidative pathways may be a common mechanism of action for reducing substances, bases cause direct hydrolysis of tissue constituents, favouring catabolism in a direct manner.
Although biocatalysts may be regarded as etiologic factors, one may mention proteolytic enzymes, other hydrolytic enzymes and, finally pathogenic microorganisms, that in a functional sense and in their relation to the host represent bio-catalytic complexes with hydrolytic enzymes acting as their major factors of pathogenicity. When assessing effects of chemical substances one should be very cautious since a single substance may carry different functional groups that could in react differently in different tissues and sometimes even in opposed directions. In particular, use of hydrophilic polymers such as carrageenan may first act by immediate water attraction, bringing about oedema of non-inflammatory origin, that later may or may not be followed by inflammatory oedema caused by the pressure made by the former (Stankov, 2012).
1.6.2 TYPES OF THE INFLAMMATORY RESPONSE
[bookmark: 4-u1.0-B0-7216-0187-1..50006-7--para32][bookmark: 4-u1.0-B0-7216-0187-1..50006-7--para33]Inflammation is divided into acute and chronic patterns. Acute inflammation is rapid in onset and is of relatively short duration. Its main characteristics are the exudation of fluid and plasma proteins (oedema) and the emigration of leucocytes, predominantly neutrophils. Chronic inflammation is of longer duration and is associated histologically with the presence of lymphocytes and macrophages, the proliferation of blood vessels, fibrosis, and tissue necrosis. The vascular and cellular reactions of both acute and chronic inflammation are mediated by chemical factors that are derived from plasma proteins or cells and are produced in response to or activated by the inflammatory stimulus. Such mediators, acting singly, in combinations, or in sequence, then amplify the inflammatory response and influence its evolution. Necrotic cells or tissues themselves—whatever the cause of cell death—can also trigger the elaboration of inflammatory mediators. Such is the case with the acute inflammation after myocardial infarction (Kumar et al., 2005).
1.6.3 ACUTE INFLAMMATION
Acute inflammation is a short-term response that usually results in healing: leucocytes infiltrate the damaged region, removing the stimulus and repairing the tissue. Acute inflammation is of relatively short duration (hours to days) and is primarily characterized by exudation of fluid and plasma proteins, as well as a neutrophilic infiltration. Acute inflammation has three major components: alterations in vascular caliber that lead to an increase in blood flow; structural changes in the microvasculature that permit plasma proteins and leucocytes to leave the circulation; and emigration of the leucocytes from the microcirculation, their accumulation in the focus of injury, and their activation to eliminate the offending agent (Kumar et al., 2005).
PROCESS OF ACUTE INFLAMMATION AND RECRUITMENT OF LEUCOCYTES
At the site of injury, pro-inflammatory cytokines are released from damaged tissue. Activation of complement cascade forms complement products that act as chemotactic agents for the recruitment of neutrophils (Finckh, 2009). Complement anaphylatoxins (C3a, C5a) induce local mast cells degranulation with release of histamine, causing vasodilatation and smooth muscle contraction (Gonda et al., 2009). Leucocytes, kallikrein and bradykinin move out through blood vessels causing swelling. Bradykinin then binds to nearby capillary cells and stimulates the production of prostaglandins, which then binds to free nerve endings making them to start pain impulse (Quinton et al., 2009). These all in turn lead to the rise of classical signs of inflammation: redness, increased heat, swelling, pain, and loss of function (Khan and Khan, 2010).
Under the influence of pro-inflammatory cytokines and mediators like histamine and serotonin, the vascular endothelium is activated to express “Cellular Adhesion Molecules” in increased amount. Leucocytes are recruited at the site of inflammation through the process “extravasation” (Sciacca et al., 1994). To accomplish extravasation, leucocytes recognize inflamed endothelium and adhere to it strongly enough so that they are not swept away by the flowing blood. In response to microbes and cytokines produced by cells e.g. macrophages, endothelial cells lining post-capillary venules at the site rapidly increase surface expression of proteins called selectins (Kerfoot et al., 2005). Selectins bind to mucin-like cellular adhesion molecules on leucocyte membrane. Resulting leucocytes repetitively detach and bind, and thus roll along the endothelial surface (Firrell and Lipowsky, 1989). Leucocytes express a family of adhesion molecules, integrins, which binds to chemokines. This binding provides a degree of specificity to the recruitment of white blood cells at the site (Ding et al., 2001).
Neutrophils are the first cell type to bind to inflamed endothelium and extravasate into the tissues (Kubes et al., 2003). Rolling neutrophils are activated by various chemoattractants released by endothelial cell surface or secreted locally by cells involved in inflammatory response (Birner et al., 2000). Monocytes from the peripheral home reach at the site of infection much later than neutrophils. Monocytes are lured to the area of infection by chemo-attractants such as bacterial peptide fragments and complement fragments (Mulligan et al., 1998). These neutrophils at the site of inflammation phagocytose invading pathogens and release mediators that continued to inflammatory response (Jones et al., 2006). Among the mediators are the MIP-1α, MIP-1β, chemokines that attract macrophages to the site of inflammation. These activated macrophages exhibit increased phagocytosis and increased release of mediators and cytokines that contribute to the inflammatory response. Cytokines released from the site of inflammation facilitate both the adherence of immune cells to vascular endothelial cells and their migration through the vessel wall into tissue spaces (Khan and Khan, 2010).
1.6.4 CHRONIC INFLAMMATION
[bookmark: 4-u1.0-B0-7216-0187-1..50006-7--p79]Although difficult to define precisely, chronic inflammation is considered inflammation of prolonged duration (weeks or months) in which active inflammation, tissue destruction, and attempts at repair are proceeding simultaneously. Although it may follow acute inflammation, chronic inflammation frequently begins insidiously, as a low-grade, smouldering, often asymptomatic response. This latter type of chronic inflammation is the cause of tissue damage in some of the most common and disabling human diseases, such as rheumatoid arthritis, atherosclerosis, tuberculosis, and chronic lung diseases (Kumar et al., 2005). Superficially, the difference between acute and chronic inflammation is one of duration. 
Chronic inflammation is characterized by a dense infiltration of lymphocytes and macrophages. If the macrophages are unable to protect the host from tissue damage, the body attempts to wall off and isolate the site by forming a granuloma [Latin, ‘granulum’, a small particle; Greek ‘oma’, to form]. Granulomas are formed when neutrophils and macrophages are unable to destroy the microorganism during inflammation. Infections caused by some bacteria (listeriosis, brucellosis), fungi (histoplasmosis, coccidiodomycosis), helminth parasites (leishmaniasis, schistosomiasis), and large antibody-antigen complexes (rheumatoid arthritis) result in granuloma formation and chronic inflammation (Prescott et al., 2002).
[bookmark: 4-u1.0-B0-7216-0187-1..50006-7--cesectit][bookmark: 4-u1.0-B0-7216-0187-1..50006-7--para206]CAUSES OF CHRONIC INFLAMMATION
The persistent infections by certain microorganisms, such as tubercle bacilli, Treponema pallidum (the causative organism of syphilis), and certain viruses, fungi, and parasites can stimulate chronic inflammation. These organisms are of low toxicity and evoke an immune reaction called delayed type hypersensitivity (Kumar et al., 2005). The mycobacteria have cell walls with a very high lipid and wax content, making them relatively insensitive to phagocytosis. The bacteria that cause tuberculosis, leprosy, and syphilis often survive within the macrophage. In addition, some bacteria produce toxins that stimulate tissue-damaging reactions even after bacterial death (Prescott et al., 2002).
Prolonged exposure to potentially toxic agents, either exogenous or endogenous can also stimulate chronic inflammation. An example of an exogenous agent is particulate silica, a non-degradable inanimate material that, when inhaled for prolonged periods, results in an inflammatory lung disease called silicosis. Atherosclerosis is thought to be a chronic inflammatory process of the arterial wall induced, at least in part, by endogenous toxic plasma lipid components (Kumar et al., 2005).
Another cause of chronic inflammation is autoimmunity. Under certain conditions, immune reactions develop against the individual's own tissues, leading to autoimmune diseases. In these diseases, auto-antigens evoke a self-perpetuating immune reaction that results in chronic tissue damage and inflammation. Immune reactions play an important role in several common chronic inflammatory diseases, such as rheumatoid arthritis and lupus erythematosus (Kumar et al., 2005).
[bookmark: 4-u1.0-B0-7216-0187-1..50006-7--para210]MORPHOLOGIC FEATURES OF CHRONIC INFLAMMATION
[bookmark: 4-u1.0-B0-7216-0187-1..50006-7--celist20]Chronic inflammation is characterized by infiltration with mononuclear cells (which include macrophages, lymphocytes, and plasma cells), tissue destruction (induced by the persistent offending agent or by the inflammatory cells) and attempts at healing by connective tissue replacement of damaged tissue accomplished by proliferation of small blood vessels (angiogenesis) and, in particular, fibrosis (Majno, 1998). 
[bookmark: 4-u1.0-B0-7216-0187-1..50006-7--celist21][bookmark: 4-u1.0-B0-7216-0187-1..50006-7--para220][bookmark: 4-u1.0-B0-7216-0187-1..50006-7--para221][bookmark: 4-u1.0-B0-7216-0187-1..50006-7--p81][bookmark: 4-u1.0-B0-7216-0187-1..50006-7--para222]In short-lived inflammation, if the irritant is eliminated, macrophages eventually disappear (either dying off or making their way into the lymphatics and lymph nodes). In chronic inflammation, macrophage accumulation persists, and is mediated by different mechanisms. One of such includes the recruitment of monocytes from the circulation, which results from the expression of adhesion molecules and chemotactic factors (Luscinskas and Gimbrone, 1996). Local proliferation of macrophages after their emigration from the bloodstream occurs. Once thought to be an unusual event, macrophage proliferation is now known to occur prominently in some chronic inflammatory lesions, such as atheromatous plaques. Immobilization of macrophages within the site of inflammation also takes place. Certain cytokines and oxidized lipids can cause such immobilization. The products of activated macrophages serve to eliminate injurious agents such as microbes and to initiate the process of repair, and are responsible for much of the tissue injury in chronic inflammation. Some of these products are toxic to microbes and host cells (e.g., reactive oxygen and nitrogen intermediates) or extracellular matrix (proteases); some cause influx of other cell types (e.g., cytokines, chemotactic factors); and still others cause fibroblast proliferation, collagen deposition, and angiogenesis (e.g., growth factors). This impressive arsenal of mediators makes macrophages powerful allies in the body's defence against unwanted invaders, but the same weaponry can also induce considerable tissue destruction when macrophages are inappropriately activated. Thus, tissue destruction is one of the hallmarks of chronic inflammation (Kumar et al., 2005).
[bookmark: 4-u1.0-B0-7216-0187-1..50006-7--para229]1.6.5 GRANULOMATOUS INFLAMMATION
[bookmark: 4-u1.0-B0-7216-0187-1..50006-7--cetable7][bookmark: 4-u1.0-B0-7216-0187-1..50006-7--cesec56_][bookmark: 4-u1.0-B0-7216-0187-1..50006-7--cesec56]Granulomatous inflammation is a distinctive pattern of chronic inflammatory reaction characterized by focal accumulations of activated macrophages, which often develop an epithelial-like (epithelioid) appearance. It is encountered in a limited number of immunologically mediated, infectious and some non-infectious conditions. Its genesis is firmly linked to immune reactions. Tuberculosis is the prototype of the granulomatous diseases, but sarcoidosis, cat-scratch disease, lymphogranuloma inguinale, leprosy, brucellosis, syphilis, some mycotic infections, berylliosis, and reactions of irritant lipids are also included. A granuloma is a focus of chronic inflammation consisting of a microscopic aggregation of macrophages that are transformed into epithelium-like cells surrounded by a collar of mononuclear leucocytes, principally lymphocytes and occasionally plasma cells (Kumar et al., 2005).
1.6.6 CONSEQUENCES OF DEFECTIVE OR EXCESSIVE INFLAMMATION
Defective inflammation typically results in increased susceptibility to infections and delayed healing of wounds and tissue damage. The susceptibility to infections reflects the fundamental role of the inflammatory response in host defence, and is the reason why this response is a central component of the defence mechanisms that immunologists call innate immunity. Delayed repair is because the inflammatory response is essential for clearing damaged tissues and debris, and provides the necessary stimulus to get the repair process started. Excessive inflammation is the basis of many categories of human disease. It is well established that allergies, in which individuals mount unregulated immune responses against commonly encountered environmental antigens, and autoimmune diseases, in which immune responses develop against normally tolerated self-antigens, are disorders in which the fundamental cause of tissue injury is inflammation. Nevertheless, recent studies are pointing to an important role of inflammation in a wide variety of human diseases that are not primarily disorders of the immune system. These include cancer, atherosclerosis and ischemic heart disease, and some neurodegenerative diseases such as Alzheimer disease (Cao, 2011). In addition, prolonged inflammation and the fibrosis that accompanies it are responsible for much of the pathology in many chronic infectious, metabolic and other diseases. Furthermore, chronic inflammation can be triggered by cellular stress and dysfunction, such as that caused by excessive calorie consumption, elevated blood sugar levels, and oxidative stress. It is now clear that the destructive capacity of chronic inflammation is unprecedented among physiologic processes (Karin et al., 2006).
1.6.7 ANTI-INFLAMMATORY MEDICINAL PLANTS
Medicinal plants are important sources of new chemical substances with potential therapeutic effects and literature has documented plants with putative analgesic and anti-inflammatory activities (Akah and Nwambie, 1994; Akah and  Okoli, 2004; Okoli et al., 2007; Hassan et al., 2008). Existing synthetic molecules like non-steroidal anti-inflammatory drugs (NSAIDs) and selective COX-2 inhibitors have adverse effects that increase the incidence of adverse cardiovascular thrombotic effects (Chowdhury et al., 2009) and other gastro-intestinal adverse effects. Hence, there is a continuous search for effective and safer alternatives.
A good number of medicinal plants have been studied for their potential anti-inflammatory effects. Some of them include Spondias mombin L (Nworu et al., 2011), Alchornea floribunda and Alchornea cordifolia (Okoye et al., 2011), Aframomum melegueta (Okoli et al., 2007), Acanthus montanus (Okoli et al., 2008),  Achillea millefolium Linn (Benedek et al., 2007), Aspilia africana (Okoli et al., 2007), Garcinia mangostana L (Chen et al., 2008), Gardenia jasminoides (Koo et al., 2006), Lycopodium clavatum (Orhan et al., 2007), Phyllanthus polyphyllus (Rao et al., 2006), Piper ovatum Vahl (Silva et al., 2008), Culcasia scandens (Akah and Okoli, 2004), Anacardium occidentale L. (Ibewuike et al., 1997).
Others as reported (Perez, 2001) include but not limited to Mesua ferrea, Mammea americana, Calophyllum brasilense, Calophyllum inophyllum, Zanha africana, Glycyrrhiza glabra, Phytolacca americana, Panax notoginseng, Panax ginseng, Pricramnia pentandra, Boswellia serrata, Bumelia sartorum Mart, Calendula arvensis, Limonia crenulata, Embelia ribes, Fagara xanthoxyloides, Curcuma longa, Cannabis sativa, Catastum barbatum Lindl, Paeonia lactiflora, Scopolia japonica and  Solanium lacintatum.
1.7 THE CONCEPT OF IMMUNOMODULATION, IMMUNOSTIMULATION AND IMMUNOSUPRESSION
Immunomodulation refers to any change in the immune response, which involves induction, expression, amplification or inhibition of any part or phase of the immune response. Thus, an immunomodulator is a substance used for its effect on the immune system. There are generally of two types immunomodulators based on their effects: immunosuppressants and immunostimulators. They have the ability to mount an immune response or defend against pathogens or tumours. Immunopharmacology, a comparatively new and developing branch of pharmacology aims at searching for immunomodulators (Alamgir and Uddin, 2010). Immunomodulation is thus any procedure, which can alter the immune system of an organism by suppression and stimulation of the cells and organs of the immune system (Bafna and Mishra, 2006).  If it results in an enhancement of immune reactions, it is called immunostimulation which primarily implies stimulation of specific and non-specific system that is, granulocytes, macrophages, complement, certain T lymphocytes and different effector substances (Galindo-Villegas and Hosokawa, 2004; Ardo et al., 2008). Immunosupression implies mainly to reduce resistance against infections, stress and may occur because of environmental or chemotherapeutic factors (Makare et al., 2001).
1.7.1 IMMUNOSTIMULATION
The concept of immunostimulation relates to non-specific activation of the function and efficiency of macrophages, granulocytes, complement, natural killer cells and lymphocytes and to the production of various effector molecules generated by activated cells. It is expected that these nonspecific effects give protection against different pathogens including bacteria, viruses, fungi etc. and constitute an alternative to conventional chemotherapy (Gummert et al., 1999; Vigila and Baskaran, 2008). Immunostimulation in a drug-induced immunosuppression model and immunosuppression in an experimental hyper-reactivity model by the same preparation can be said to be true immunomodulation (Patwardhan et al., 1990). Immunostimulation reinforces the immune system. The mechanisms of potentiation of immune responses may include one or all of the following situations: an increase in the rate; a heightened intensity or level; an extension of normal immune response; and the induction of immune response to an otherwise non-immunogenic substance. The immune response can be modified to enhance the humoral or cell-mediated immune response against antigens (Nworu and Akah, 2010).
CELL-MEDIATED FACTORS
Cell mediated processes which could be stimulated include, but not limited to: polymorphonuclear leucocytes activation; peritoneal macrophage activation; natural killer cell activation; activation of helper T-cells; activation of killer T-cells; inhibition of suppressor T-cell activity; activation of cytotoxic macrophages; delayed-type hypersensitivity reaction and mitogenicity. Activation of these processes will invariably lead to the stimulation of the cellular immune responses mediated by them (Nworu and Akah, 2010).
HUMORAL FACTORS
Humoral factors activation which will result in immunopotentiation include: increased production of antibodies, opsonin, colony-stimulating factor (CSF), lymphocyte-activating factor (interleukin-1), interferon, tumour necrosis factor (TNF). Increased complement C3 production and C3-splitting activity, inhibition of the release of prostaglandin and other immunosuppressive factors (Nworu and Akah, 2010).
Immunostimulatory therapy is now being recognised as an alternative to conventional chemotherapy for a variety of by disease conditions, involving the impaired immune response of the host (Upadhaya, 1997).  Immunostimulators have been known to support T-cell function, activate macrophages and granulocytes, and complement natural killer cells apart from. Affecting the production of various effector molecules generated by activated cells (paraimmunity) (Wagner et al., 2003). It is expected that these non- specific effects offer protection against different pathogens, including bacteria, fungi, and viruses and so on, and constitute an alternative to conventional chemotherapy (Atal et al., 1986).
1.7.2 IMMUNOSUPPRESSION
The term immunosuppression refers to impairment of any component of the immune system resulting in decreased immune function (Descotes et al., 2000). Clinically, immunosuppression manifest as myelosuppression (e.g., pancytopenia, leukopenia, lymphopenia, and other blood dyscrasias); decreased immune system organ weights and histology (e.g., hypocellularity of immune system tissues such as the thymus, spleen, lymph nodes, or bone marrow); decreased serum globulin levels; increased incidence of infections; and increased incidence of tumours (Basketter et al., 1995; Dean et al., 1998; Richter-Reichhelm and Schulte, 1998).
1.7.3 CLINICAL APPLICATIONS OF IMMUNOMODULATORS
The potential uses of immunomodulators in clinical medicine include the reconstitution of immune deficiency (e.g. the treatment of AIDS) and the suppression of normal or excessive immune function (e.g. the treatment of graft rejection or autoimmune disease). They can also be applied as adjuncts in cancer chemotherapy, remedy of autoimmune diseases and as adjuvants in vaccine development. Specific immunomodulators are administered together with antigens known as immunological adjuvants to boost the immune response to the vaccine constituents. Whereas the non-specific immunostimulators offer a generalized state of resistance to pathogens or tumours, fungal product cyclosporin A (a specific immunomodulator), selectively block the function of T lymphocyte and used to prevent graft rejection (Bomford, 1988).
1.7.4 POTENTIALS OF MEDICINAL PLANTS IN IMMUNOMODULATION
Medicinal plants and their active components have been shown to be an important source of immunomodulators. Thus, the development of drugs for immunomodulation and anti-tumour activity from natural compounds has become an attractive project. Through these studies, we may not only find some promising immunomodulators, but also clarify the mechanism of clinical actions of some traditional medicines (Wagner and Proskch, 1985; Winkler et al., 2006). Many of the disorders today are based on the imbalances of immunological processes like Delayed Type Hypersensitivity (cell mediated) reactions and humoral responses (Kanjiwani et al., 2008). Herbal drugs are now known to possess immunomodulatory properties and generally act by stimulating both specific and nonspecific immunity.
A number of medicinal plants have been screened systematically for their immunomodulatory activity such as Tinospara cordifolia, Mangifera indica (Makare et al., 2001). Many plants products have been exploited for modulation of immune system in number of ayurvedic formulations either alone or in group (Carrasco et al., 2009; Latorre et al., 2009; Chen et al., 2009; Sudha et al., 2010). Some of the plants exhibiting the immunostimulatory activity have been reported as Argyreia speciosa (Gokhale et al., 2003), Tridax procumbens (Tiwari et al., 2004), Ficus benghalensis (Gabhe et al., 2006), Actinidia macrosperma (Lu et al., 2007) and Tinospora cordifolia (Siddhiqui et al., 2008). Others include: Morinda citrifolia (Hirazumi et al., 1999), Allium sativa (Keiss et al., 2003; Sahu et al., 2007), Glycyrrhizza glabra (Schepetkin and Quinn, 2006), Achyracline satureioides (Ruffa et al., 2002), Carthamus tinctorius L. (Ando et al., 2002), Aloe vera L. (Marshall et al., 1993), Viscum album L. (Mistletoe) (Coeugniet and  Elek, 1987),  Azadirachta indica, (Upadhyay et al., 1992; Baral et al., 2005; Mandal- Ghosh et al., 2007), Garcinia kola Heckel (Nworu et al., 2007, 2008), Theobroma cocoa L. (Ono et al., 2003) and Morinda lucida (Nworu et al., 2012).
The modulation of immune response by using medicinal plant products as a possible therapeutic measure has become a subject of active scientific investigations (Patwardhan et al., 2004). Instead of random screening of a large number of plant extracts, traditional systems of medicine provide an extremely vast body of source material for the development of new drugs (Holland, 1994). Some of these plant products are believed to enhance the natural resistance of the body to infection (Atal et al., 1986). Some of these stimulate both ‘humoral and cell mediated immunity’, while others activate only the cellular components of the immune system. They also suppress both humoral and cell mediated immunity (Atal et al., 1986; Sharma et al., 1994). The use of plant products in the indigenous system of medicines as immunomodulators, indeed, can modulate the body’s immune system, as a variety of plant derivatives such as polysaccharides, lectins, saponins, peptides, flavonoids and tannins have been reported to modulate the immune system in various in vivo models (Shivaprasad et al., 2006). It is expected that these non-specific effects offer protection against different ‘pathogens’ including bacteria fungi viruses and so on and constitute an alternative to ‘conventional chemotherapy’ (Atal et al., 1986) .
1.8 BOTANICAL PROFILE OF OLDENLANDIA AFFINIS
1.8.1 TAXONOMY OF OLDENLANDIA AFFINIS
Kingdom: Plantae
Sub-kingdom: Tracheophyta
Class: Magnoliopsida
Order: Gentianales
Family: Rubiaceae 
Subfamily: Rubiodeae
Tribe: Spermacoceae
Genus: Oldenlandia (Linnaeus)
Species: Affinis (Roem & Schult) DC.
1.8.2 DESCRIPTION OF OLDENLANDIA AFFINIS
Oldenlandia affinis is a perennial herb with a woody root that grows at altitudes up to 1,500 metres above sea level. It has erect scrambling or trailing stems and linear-lanceolate to elliptic leaves. Its flowers are deep blue to violet, one –to- several per stalk. 
It is an erect herb, branches are filiform and glabrous. Leaves measure 25 x 1 mm, linear, entire, sessile; stipule ovate, entire or 2-3 toothed. Flowers are 2 mm long, in terminal dichotomous cymes; pedicel and peduncles are filiform and 1.5-2 cm  long; calyx is 1 mm long, lobes acute, scabrid; corolla white, tube villous inside. Capsules are 2 x 1.5 mm, obovoid, truncate at apex" (Gran et al., 2000).
1.8.3 GEOGRAPHICAL DISTRIBUTION OF OLDENLANDIA AFFINIS
Oldenlandia affinis is widespread in the tropical zones of Africa, western Asia, Mpumalanga and KwaZulu-Natal, South Africa, Madagascar and the Comoro Islands. It is also distributed in tropical Asia. It is found in plains to low altitude, moist localities, moist deciduous forests, and endemic to Southern Western Ghats.


1.8.4 ETHNOMEDICINAL USES OF OLDENLANDIA AFFINIS 
There are 196 different species of Oldenlandia and their use in traditional medicine is as widely spread as their geography. India uses many of the different species in as many different drugs. However, it was the uteroactive activity of a green brew, Kalata-Kalata, given to African women during labour that first triggered an interest. It is used in Central African Republic and Congo D.R. (Zaire) as an oxytoctic infusion. Oldenlandia affinis is used in Benin mixed in honey against learning retardation and in aqueous decoction as anti-colic drink (Gran et al., 2000).
1.8.5 CONSTITUENTS OF OLDENLANDIA AFFINIS
Interestingly, the plant was shown to contain, beside serotonin, several cyclotides, cyclic proteins of about 40 amino-acids, with three Cys–Cys bridges responsible for their special, compact structure, and first isolated from Oldenlandia  affinis; cyclotides are proteolysis-resistant, can cross the digestive barrier and have an oxytocin-like effect on uterine receptors (Gran et al., 2000). 
1.8.6 CYCLOTIDES
Cyclotides are a plant-derived family of small proteins characterized by their head-to-tail cyclic backbone and a cystine knot arrangement of three conserved disulfide bonds (Craik et al., 1999). They were first discovered in plants from the Rubiaceae (coffee) and Violaceae (violet) families but have since been reported in a range of other plants from the Cucurbitaceae (cucurbit) and Fabaceae (legume) families and it has been predicted that they are widely distributed within the plant kingdom (Gruber et al., 2008). Cyclotides are notable for their exceptional stability and their diverse range of bioactivities, as well as for their expression in a wide range of plant tissues, including leaves, stems, flowers, dormant seeds and roots (Trabi and Craik, 2004). 
They fold into compact three-dimensional shapes that incorporate a small β-sheet structure and a series of turns built around the cystine knot core. This compact structure and elaborate cross bracing by disulfide bonds is a main contributing factor that makes cyclotides exceptionally stable. They are highly resistant to chemical, thermal and enzymatic treatments that would typically destroy conventional proteins (Colgrave and Craik, 2004) and underpins their exciting potential for pharmaceutical and agricultural applications (Craik et al., 1999).
1.8.7 BIOLOGICAL ACTIVITIES OF CYCLOTIDES
The cyclotides show a diverse range of biological activities, including some of the following listed below.
Uterotonic activity: The uterotonic activity of the cyclotide kalata B1 from Oldenlandia affinis DC has been duly reported (Saether et al., 1995).
Anti-viral activity: The cyclotides circulins from Chassalia parvifolia Schum, cycloviolins from Leonia cymosa Mart., and palicourein from Palicourea condensata Standl have been reported to possess HIV-1 inhibitory activity (Gustafon et al., 1994; Bokesch et al., 2001).
Haemolytic and cytotoxic activities: Haemolytic activity, i.e., the ability to cause lysis of erythrocytes, was one of the first activities reported for cyclotides and indeed led to the discovery of violapeptide-I from Viola tricolor.  Cytotoxic activity of cycloviolacin O2 from Viola odorata L. and vitri A from Viola tricolor L has also been reported (Lindholm et al., 2002; Svangard et al., 2004).
Insecticidal activity: The first report of insecticidal activities of cyclotides was in 2001 where kalata B1 and kalata B2 from Oldenlandia affinis were shown to inhibit the growth and development and increase the mortality of Helicoverpa larvae presented with an artificial diet containing cyclotides (Jennings et al., 2001; 2005).
Antimicrobial activity: The antimicrobial activity of kalata B1, circulins A and B, and cyclopsychotride A from Psychotria longipes Muell. Arg have been reported since 1999 (Tam et al., 1999), but there have only been a few other primary reports of this activity since then (Nguyen et al., 2011; Gran et al., 2008; Pranting et al., 2010).
Molluscicidal activity: Cyclotides tested against Pomacea canaliculata, the Golden Apple snail, a major pest of rice in South East Asia have shown promising activities. This snail was originally imported into Taiwan from South America in the 1980s and has now spread widely in agricultural wetlands in Japan, the Philippines and Taiwan where it has caused crop damage estimated to have cost billions of dollars. The cyclotides cycloviolacin O1, kalata B1 and kalata B2 were found to be more toxic to Pomacea canaliculata than the commercially used molluscicide metaldehyde, whereas kalata B7 and B8 were significantly less toxic (Plan et al., 2008).
Anti-fouling activities: Cycloviolacin O2 has been reported to have activity against the barnacle Balanus improvisus in the sub-micromolar range (Göransson et al., 2004). Although there potentially could be applications of this activity in defouling ship hulls, the cost of cyclotides is likely to be a limiting factor in precluding such applications, unless considerably cheaper production methods for cyclotides can be developed than are currently available.
All these diverse bioactivities, along with their unique structural characteristics, render the cyclotides extremely important in terms of potential agrochemical or pharmaceutical applications (Craik, 2001; Jennings et al., 2001; Craik et al., 2002).
1.9 AIM OF THE STUDY
With the recognition of the role of cyclotides in plant defence and its other biological/therapeutic activities, this study was undertaken to evaluate the immunomodulatory and anti-inflammatory effects of the  methanol-methylene chloride extract of Oldenlandia affinis and its cyclotide-rich fraction using various experimental animal models. 
The anti-inflammatory effects of the methanol-methylene chloride extract of O. affinis and its cyclotide-rich fraction was studied using carrageenan-induced inflammation for the acute model of inflammation, while formaldehyde-induced arthritis model was used for the chronic model of inflammation. This is aimed at investigating its putative role in alleviating inflammatory conditions of the body.
The effects on different aspects of immunity such as specific and non-specific immune responses were evaluated. Studies were carried out to investigate the effect on phagocytic activity using the carbon clearance test to determine the phagocytic index. Also, studies were carried out to determine the effect on haemolytic activity of the complement system and the effect on other non-specific parameters like weight gain, organ weight and leucopoiesis were carried out on immunocompetent mice to ascertain its effect on innate immune responses, organ toxicity, morbidity and mortality.
With respect to specific immune responses, the delayed type hypersensitivity response was studied to investigate the effect on cellular immunity. For humoral immunity, the haemagglutination technique was used to determine the effect on antibody titres. Furthermore, the Enzyme-linked Immunosorbent Assay (ELISA) was undertaken to also determine antibody titre responses to specific antigens.
Taken together, this study was designed to evaluate the methanol-methylene chloride extract of Oldenlandia affinis and its cyclotide-rich fraction for potential immunomodulatory and anti-inflammatory activities which can be hoped to be applied in immunotherapy and other inflammatory conditions.


CHAPTER TWO
MATERIALS AND METHODS
2.1 MATERIALS
2.1.1 DRUGS AND CHEMICALS
Analytical grade solvents: Methanol, Dichloromethane, Dimethylsulphoxide and Formaldehyde, (all from Sigma-Aldrich Co., Missouri, USA). Distilled water (Lion water, UNN), Normal saline solution (Dana Drugs Ltd, Nigeria), commercially available Carbon ink (Rotring Ink, Hamburg, Germany), Sodium bicarbonate (Merck Co, Germany). Tween 85 and Tween 20 (both from JHD Fine Chemicals, China); Carrageenan and Ovalbumin (both from Sigma-Aldrich Co., Missouri, USA). Tetanus toxoid injection (Serum institute of India LTD), Fat-free milk (Dano product, Kneipe Nigeria Limited, Lagos), Folinic acid injection (Sagent Pharmaceuticals, Schaumburg, USA), Noni capsules (Genius Nature Herbs Private Limited, Tamil Nadu, India), Piroxicam injection (Neimeth International Pharmaceuticals, Lagos), Dexamethasone injection (Beta Drugs & Chemicals Ind. Ltd., Lagos), ABTS tablets (Sigma-Aldrich Co., Missouri, USA), Hydrogen Peroxide solution (Morrison Industries, Lagos), Horse Radish Peroxidase (HRP) -conjugated goat anti-mouse IgG1, and IgG2a secondary antibodies (Sigma-Aldrich Co., Missouri, USA). 
2.1.2 APPARATUS
Spectrophotometer (Spectro21D Pec Medicals USA), Rotary evaporator, Heparinised vials (Frank Healthcare Co. Ltd, China), Test tubes, Single & Multi-channel micropipettes (Life sciences, England), NuncTM Microtitre plates & Nunc-ImmunoTM 96-well ELISA microtitre plates (Nunc, Roskilde, Denmark), Centrifuge (Gallenkamp, London), Incubator (Gallenkamp, London), Weighing balances, Micrometre screw gauge, ELISA microplate reader (Thermomax®; Labequip, Ontario, Canada).
2.1.3 EXPERIMENTAL ANIMALS
White albino mice (18-25 g) and white albino rats of (150-250 g) and local strains of guinea pigs (200-250 g) of both sexes were used for the experiments. The animals were procured from the Department of Pharmacology and Toxicology, University of Nigeria, Nsukka. They were housed under standard conditions and a 12h light/dark cycle was maintained. Before initiation of experiment, the animals were allowed to acclimatize for a period of 7 days. They were fed with standard rodent pellet diet and water was allowed ad-libitum. 
2.1.4 ANTIGEN (SHEEP RED BLOOD CELLS)
Fresh blood was obtained from a male sheep in the animal farm of the Faculty of Veterinary Medicine, University of Nigeria. The sheep red blood cells (SRBCs) were washed three times in a large volume of pyrogen-free sterile normal saline by centrifugation at 3000 × g for 10 min on each occasion. The washed SRBCs were adjusted to a concentration of 109cells/ml and used for immunization and challenge.
2.2 COLLECTION AND PREPARATION OF PLANT MATERIAL
The aerial parts of Oldenlandia affinis were freshly collected in Nsukka, Enugu State in the month of August (2013) and authenticated by a plant Taxonomist, Mr Alfred O. Ozioko, of the Bioresources Development and Conservation Programme (BDCP) Centre, Nsukka, Nigeria. Plant materials were washed and dried at room temperature, and then pulverised using a blender.
2.2.1 PREPARATION OF THE METHANOL/METHYLENE CHLORIDE EXTRACT
A portion of the powdered plant was extracted by maceration in equal volume of methanol and methylene chloride for 48 h with intermittent agitation. The extract solution was filtered through a Whatman No. 1 filter paper.  The resulting filtrate was evaporated of its volatile methanol contents and then concentrated leaving behind a dark-green coloured extract. This was adequately stored and used subsequently for the experiments, designated as the methanol/methylene chloride extract (MME).
2.2.2 PREPARATION OF THE CYCLOTIDE-RICH FRACTION 
The cyclotide-rich fraction was prepared using a previously reported protocol (Hage et al., 2010).  After maceration of 700 g plant powder for 48 h in 6 L of distilled water: Methanol (1:1) under agitation, and subsequent elimination of methanol, the aqueous solution was washed 3 times with an equal volume of dichloromethane.  The organic soluble fraction was discarded, and the aqueous layer, which contains the cyclotides as mentioned by (Herrmann et al., 2008), was concentrated on a rotary evaporator prior to lyophilisation. This yielded a dark-brown coloured extract, which was stored properly and used subsequently for the experiments, designated as the cyclotide-rich fraction (CRF). 
2.2.3 DETERMINATION OF PERCENTAGE YIELD 
The percentage yield was calculated for both extract and fraction using the formulas stated below:



2.3 PHYTOCHEMICAL ANALYSIS
Preliminary phytochemical screening involves performing simple chemical tests to detect the presence of secondary metabolites such as alkaloids, glycosides, tannins, saponins, flavonoids, steroids. The following phytochemical tests were carried out on both the extract and the cyclotide- rich fraction using the procedures outlined by Harborne (2005) and Trease and Evans (1996).
2.3.1    TEST FOR ALKALOID
A 20ml volume of 5% sulphuric acid in 50% ethanol was added to 2 g of the extract and fraction and heated on a boiling water bath for 10 min. The mixture was then cooled and filtered. A 2 ml volume of the filtrate was tested with two drops of: Mayer’s reagent, Dragendorff’s reagent, Wagner’s reagent, Picric acid solution (1%).
The remaining filtrate was placed in a 100ml separating funnel and made alkaline with dilute ammonia solution. The aqueous alkaline solution was separated and extracted with two 5ml portions of dilute sulphuric acid. The extract was tested with a few drops of Mayer’s, Wagner’s, Dragendorff’s reagent. Alkaloids give milky precipitate with Mayer’s reagent, yellow precipitate with Picric acid solution, brick red precipitate with Dragendorff’s reagent.
2.3.2     TEST FOR FLAVONOIDS 
A 10ml volume of ethyl acetate were added to 0.2 g of the both the extract and fraction and heated on a water bath for 3mins. The mixture was cooled, filtered and the filtrate used for the following test. 
Ammonium Test: A 4 ml volume of filtrate was shaken with 1ml of dilute ammonia solution; the layers were allowed to separate. A yellow colour in the ammonical later indicates the presence of flavonoids.
2.3.3     TEST FOR GLYCOSIDES 
A 5 ml volume of dilute sulphuric acid were added to 0.1 g of the both the extract and fraction in test tubes and boiled for 15 min on a water bath. This was left to cool and was then neutralized with 20% potassium hydroxide solution. A 10 ml volume of a mixture of equal parts of Fehling’s solutions A and B were added and boiled on a water bath for 5 min. A more dense brick red precipitate indicates the presence of glycosides.
2.3.4 TEST FOR OILS
A 0.1 g weight of both the extract and fraction was pressed between filter papers. Appearance of grease on the paper indicates the presence of oil.
2.3.5 TEST FOR PROTEINS/PEPTIDES
A 0.1 g weight of both the extract and fraction was shaken vigorously with 5 ml of distilled water and the filtrate was used in the following tests. 
Millon’s test: To a little portion of the filtrate in the test tube, two drops of Millon’s reagent was added. A white precipitate indicates the presence of proteins.
Xanthoproteic Reaction test: A 5 ml volume of the filtrate was heated with few drops of a concentrated nitric acid. A yellow colour which changes to orange on addition of alkali indicates the presence of proteins.
Picric acid test: To a little portion of the filtrate was added a few drops of picric acid. A yellow precipitate indicates the presence of proteins.
2.3.6     TEST FOR REDUCING SUGARS
A 0.1 g weight of both the extract and fraction was shaken vigorously with 5 ml of distilled water and the filtrate was used in the following tests. 
Fehling’s test: To 1 ml portion of the filtrate, equal volumes of Fehling’s solutions A and B was added and boiled on a water bath for few minutes. A brick red precipitate indicates the presence of reducing sugars.
Benedict’s test: To 1 ml portion of the filtrate, 20 ml of Benedict’s reagent was added. The mixture was shaken, heated on a water bath for 5 min. A rusty brown precipitate indicates the presence of reducing sugars.

2.3.7 TEST FOR SAPONINS
A 20 ml volume of water was added to 0.25 g of both the extract and fraction in 100 ml beakers and boiled over a hot water bath for 2 min. The mixture was filtered hot and allowed to cool and the filtrate used for the following tests: 
Frothing Test: 5 ml of the filtrate was diluted with 20 ml of water and shaken vigorously. A stable for froth (foam) upon standing indicates the presence of saponins.
Emulsion test: To the frothing solution above, 2 drops of olive oil was added and the content shaken vigorously. The formation of emulsion indicates the presence of saponins. 
2.3.8     TEST FOR STEROIDS 
A 9 ml volume of ethanol was added to 1 g of both the extract and fraction, refluxed for a few minutes, and filtered. The filtrate was concentrated to 2.5 ml on a boiling water bath and 5 ml of hot waxy matter filtered off. The filtrate was extracted with 2.5 ml of chloroform using separating funnel. To 0.5 ml of the chloroform extract in a test tube was carefully added 1 ml of concentrated sulphuric acid to form a lower later. A reddish brown interface shows the presence of steroids. 
2.3.9     TEST FOR TERPENOIDS
Another 0.5 ml of the chloroform extract (from above procedure) was evaporated to dryness on a water bath and heated with 3 ml of concentrated sulphuric acid for 10 min on a water bath. A grey colour indicates the presence of terpenoids.
2.3.10     TEST FOR TANNINS 
A 1 g weight of both the extract and fraction was boiled with 50 ml of water. The mixture was filtered and used for the following tests:
Ferric chloride test: To 3 ml of the filtrate was added few drops of ferric chloride solution. A greenish black precipitate indicates the presence of tannins. 
Lead sub-acetate test: A few drops of lead sub acetate was added to 3 ml of filtrate. The formation of a cream precipitate indicates the presence of tannins.
2.4 ACUTE TOXICITY STUDIES (LD50 DETERMINATION)
The LD50 of the methanol/methylene chloride extract (MME) and the cyclotide- rich fraction (CRF) were determined in mice using the method described by Lorke (1983) using the oral route. The test is divided into two stages. The first stage involves determination of the toxic range of the extracts. Mice were divided into 3 groups of 3 animals. Each group received a dose (10, 100 and 1000mg/kg) of either MME suspended in 2% v/v Tween 85 or CRF dissolved in distilled water, according to their body weights. The doses were administered orally and the treated animals observed for 24 h.
The second stage involves determination of lethality. The doses used in the stage were determined from the number of deaths per dose recorded in the stage one test. Since no death occurred in the stage one test, three different higher doses –1600, 2900 and 5000mg/kg of both MME and CRF were administered to another group of animals at one dose per animal. The treated animals were monitored for 24 h. 
The LD50 in this test is determined by calculating the geometric mean of the least and most toxic doses (Lorke, 1983).
2.5 PHARMACOLOGICAL STUDIES OF THE METHANOL/METHYLENE CHLORIDE EXTRACT (MME) OF OLDENLANDIA AFFINIS
2.5.1 STUDIES ON THE EFFECT OF MME ON PHAGOCYTIC INDEX 
Phagocytic activity of reticuloendothelial systems (RES) was assayed by carbon clearance test (Biozzi et al., 1953). Phagocytic index was then calculated as a rate of carbon elimination of reticuloendothelial systems by carbon clearance test. Commercially available carbon ink was diluted in a ratio of 1:50 with normal saline and used for carbon clearance test in a dose of 1 ml/200 g body weight of animal. In this test, five groups of animals were used (n=5). Animals in Group I served as the negative control group and received vehicle only. Animals in Groups II to IV served as the treatment groups and received a daily administration of the methanol/methylene chloride extract (MME 50, 100 and 200 mg/kg; i.p.), respectively. Animals in Group V served as the positive control group and received Noni 100 mg/kg. On the 8th day, immediately after the last dose was administered to all animals, the controls as well as the treated groups received an intravenous injection of carbon suspension. Blood was withdrawn from the retro orbital venous plexus before injection (0 min) and 15 min after injection of the carbon suspension (1:50 dilution) in a dose of 1 ml/200 g body weight. A 50μl of blood was lysed with 4 ml of 0.1% sodium carbonate solution (Na2CO3). The optical density was measured spectrophotometrically at 650 nm.
The results were expressed as phagocytic index (K) given by the formula:

Where, OD t15 min and OD t0 min are the optical densities at 15 min and 0 min respectively.
2.5.2 STUDIES ON THE EFFECT OF MME ON THE HAEMOLYTIC ACTIVITY OF THE COMPLEMENT SYSTEM
Sensitization of the Antigen
The SRBCs (4 ×108 cells/ml), used as indicator for the complement classical pathway, was sensitized by its incubation at 37°C for 30 min with an equal volume of sub-haemagglutination titer (1/100 dilution) of rat anti-sheep erythrocyte antiserum generated in house according to previously reported method (Holt et al., 2001; Nworu et al., 2007, 2008). Briefly, rats were immunized intraperitoneally with 0.2 ml of 109 SRBC/ml and after 7 days, blood was collected by retro-orbital puncture and allowed to clot. The serum was recovered after centrifugation and used as rat anti-sheep antiserum (RAS).
Complement Assay
The effect of MME on the haemolytic activity of complement system was investigated in-vitro by a modified micro-titre assay method (Garbacki et al., 1999). Briefly, a 1 mg/ml solution each of MME were prepared in Dimethylsulphoxide solution (DMSO) and then serially diluted twofold in 0.5 ml of Veronal buffer saline (VBS++). Four different concentrations of the test sample were obtained in triplicate test tubes. Thereafter, 0.5 ml of 1:20 dilution of fresh guinea pig pooled serum (GPS) in VBS++ was added to each tube. After pre-incubation at 37°C for 30 min, 0.5 ml of the suspension of 4 × 108 sensitized SRBCs was added. The tubes were incubated at 37°C for 1 h and the reaction stopped by centrifugation at 1500-× g for 5 min. A 0.5 ml aliquot was drawn from each tube and mixed with 2 ml of distilled water and the degree of haemolysis measured spectrophotometrically at 541nm.
The methanol/methylene chloride extract (MME) was studied over 62.5–500 μg/ml concentration. Controls in this assay consisted of similarly treated incubates in which samples (0% stimulation) or guinea pig serum (0% lysis) were omitted (Nworu et al., 2008). The effect of the treatments on the haemolytic activity of complement was calculated by the relationship:

2.5.3 STUDIES OF THE EFFECT OF MME ON WEIGHT GAIN IN IMMUNOCOMPETENT MICE
Five groups of mice (n = 5) were randomised and used in this model to assess the effect of MME administration on weight gain in immunocompetent mice. Animals in Group I served as the negative control group and received vehicle only. Animals in Groups II to IV served as the treatment groups and received alternate day administration of MME (50, 100 and 200 mg/kg; i.p.), respectively. Animals in Group V served as the positive control group and received alternate day administration of folinic acid 20 mg/kg (i.p.). The initial weights of the mice were recorded (W0). After commencement of the treatment, the mice were weighed every three days for a period of 15 days. The percentage increase in body weight is given by the formula:

Where,  Wd = body weight on either day 3, 6, 9, 12 or 15 respectively and W0= initial body weight.

2.5.4 STUDIES ON THE EFFECT OF MME ON THE RELATIVE ORGAN   WEIGHT IN MICE
Mice were randomly divided and grouped into five groups (n=6). Mice in Group I served as the negative control group and received vehicle only. Mice in Groups II to IV served as the treatment groups and received alternate day administration of MME (50, 100 and 200 mg/kg; i.p.), respectively. Mice in Group V served as the positive control group and received alternate day administration of folinic acid 20mg/kg (i.p.). The animals were treated for 15 days and at the end, the body weight of each mouse was determined. 
The animals were sacrificed and  the weight of vital organs like spleen, heart, liver, lungs and kidneys were determined and expressed as relative organ weight in mg/100 g body weight of the animal (Davis and Kuttan, 2000).

2.5.5 STUDIES ON THE EFFECT OF MME ON LEUCOPOEISIS IN IMMUNOCOMPETENT MICE
The baseline total leucocyte counts and differential leucocyte counts of the mice placed in five groups (n=5) were determined on the first day of the experiment. Mice in Group I served as the negative control group and received vehicle only. Mice in Groups II, III and IV served as the treatment groups and received alternate day administration of MME (50, 100 and 200 mg/kg; i.p.), respectively. Mice in Group V served as the positive control group and received alternate day administration of folinic acid 20 mg/kg (i.p.).
On 15th day of treatment, all the mice were sacrificed and blood was collected in heparinised vials. Blood samples for animals of each group were subjected for haematological studies such as total leucocyte count (Subramonium et al., 1996).
The percentage increase in Total Leucocyte Count (TLC) is given by the formula below:

Where TLC D0 = Total Leucocyte Count on Day 0 and TLC D15= Total Leucocyte Count on Day 15.
2.5.6 ANTI-INFLAMMATORY STUDIES ON THE EFFECT OF MME ON CARRAGEENAN-INDUCED PAW OEDEMA IN RATS 
The method described by Winter et al. (1962) was adopted. Twenty-five rats were randomly divided into 5 groups (n=5). Group I animals each received 0.2ml of vehicle (i.p) and served as the negative control group. Animals in groups II, III and IV received MME (50, 100 and 200 mg/kg; i.p) respectively. Animals in Group V received Piroxicam (50 mg/kg; i.p) and served as the reference standard group. One hour after administration of drugs and extract, 0.1 ml of sterile saline solution of 1% carrageenan was injected into the sub plantar surface of the left hind paw. Paw size was studied by measuring the volume of water displaced by the inflamed paw at time 0h (before carrageenan administration) and at time 0.5, 1, 2, 4, 6 and 24 h after the carrageenan administration. The percentage inhibition of paw volume in drug treated groups was compared with the negative control group. The ability of anti-inflammatory drugs to suppress paw inflammation was expressed as a percentage of inhibition of paw oedema and calculated according to the following equation (Khouzami, et al., 2009).
, 
Where C = Mean increase in paw thickness of control group and T = Mean increase in thickness of treatment group.
2.5.7 ANTI-INFLAMMATORY STUDIES ON THE EFFECT OF MME ON FORMALDEHYDE-INDUCED CHRONIC INFLAMMATION IN RATS
The effect of the methanol/methylene chloride extract (MME) on chronic inflammation was assessed utilizing formaldehyde-induced paw oedema (Chau, 1989). White albino rats of both sexes were grouped into five groups (n=5). Group I animals each received 0.2ml of vehicle (i.p) and served as the negative control group. Animals in groups II, III and IV received MME (100, 200 & 400 mg/kg; i.p) respectively. Animals in Group V received dexamethasone (1 mg/kg; i.p) and served as the reference standard group. One hour later, chronic inflammation was induced by sub-planter injection of 0.1ml of 2% formaldehyde solution and repeated on day 3, while drug administration was continued from day 1 to day 10. Changes in oedema were evaluated daily by measuring the volume of water displaced by the inflamed paw once daily for the 10 days. The percentage inhibition of paw volume in drug treated groups was compared to the negative control group. The ability of anti-inflammatory drugs to suppress paw inflammation was expressed as a percentage of inhibition of paw oedema and calculated according to the following equation (Khouzami, et al., 2009). 

Where C = Mean increase in paw thickness of control group and T = Mean increase in thickness of treatment group.
2.6 FURTHER EVALUATION FOR IMMUNOMODULATORY AND ANTI-INFLAMMATORY ACTIVITIES OF THE CYCLOTIDE-RICH FRACTION (CRF)
2.6.1 STUDIES ON THE EFFECT OF CRF ON PHAGOCYTIC INDEX 
Phagocytic activity of reticuloendothelial systems (RES) was assayed by carbon clearance test (Biozzi et al., 1953). Phagocytic index was then calculated as a rate of carbon elimination of reticuloendothelial systems by carbon clearance test. In this test, five groups of animals were used (n=5). Animals in Group I served as the negative control group and received vehicle only. Animals in Groups II, III and IV served as the treatment groups and received a daily administration of CRF (50, 100 and 200 mg/kg; i.p.), respectively. Animals in Group V served as the positive control group and received Noni 100 mg/kg. On the 8th day, immediately after the last dose was administered to all animals, the controls as well as the treated groups received an intravenous injection of carbon suspension. Blood was withdrawn from the retro orbital venous plexus before injection (0 min) and 15 min after injection of the carbon suspension (1:50 dilution) in a dose of 1 ml/200 g body weight. A 50 μl of blood was lysed with 4 ml of 0.1% sodium carbonate solution (Na2CO3). The optical density was measured spectrophotometrically at 650 nm. The results were expressed as phagocytic index (K) given by the formula:

Where, OD t15 min and OD t0 min are the optical densities at 15 min and 0 min respectively.
2.6.2 STUDIES ON THE EFFECT OF CRF ON THE HAEMOLYTIC ACTIVITY OF THE COMPLEMENT SYSTEM
Sensitization of the Antigen
The SRBCs (4 ×108 cells/ml), used as indicator for the complement classical pathway, was sensitized by its incubation at 37°C for 30 min with an equal volume of sub-haemagglutination titer (1/100 dilution) of rat anti-sheep erythrocyte antiserum generated in house according to previously reported method (Holt et al., 2001). Briefly, rats were immunized intraperitoneally with 0.2 ml of 109 SRBC/ml and after 7 days, blood was collected by retro-orbital puncture and allowed to clot. The serum was recovered after centrifugation and used as rat anti-sheep antiserum (RAS).
Complement Assay
The effect of CRF on the haemolytic activity of complement system was investigated in-vitro by a modified micro-titre assay method (Garbacki et al., 1999). Briefly, a 1mg/ml solution each of CRF were prepared in dimethylsulphoxide solution (DMSO) and then serially diluted twofold in 0.5ml of veronal buffer saline (VBS++). Four different concentrations of the test sample were obtained in triplicate test tubes. Thereafter, 0.5 ml of 1:20 dilution of fresh guinea pig pooled serum (GPS) in VBS++ was added to each tube. After pre-incubation at 37°C for 30 min, 0.5 ml of the suspension of 4 × 108 sensitized SRBCs was added. The tubes were incubated at 37°C for 1 h and the reaction stopped by centrifugation at 1500-× g for 5 min. A 0.5 ml aliquot was drawn from each tube and mixed with 2 ml of distilled water and the degree of haemolysis measured spectrophotometrically at 541 nm.
The cyclotide-rich fraction (CRF) was studied over 62.5-500 μg/ml concentrations. Controls in this assay consisted of similarly treated incubates in which samples (0% stimulation) or guinea pig serum (0% lysis) were omitted (Nworu et al., 2008). The effect of the treatments on the haemolytic activity of complement was calculated by the relationship:


2.6.3 STUDIES OF THE EFFECT OF CRF ON WEIGHT GAIN IN IMMUNOCOMPETENT MICE
Five groups of mice (n = 5) were randomised and used in this model to assess the effect of CRF administration on weight gain in immunocompetent mice. Animals in Group I served as the negative control group and received vehicle only. Animals in Groups II, III and IV served as the treatment groups and received alternate day administration of CRF (50, 100 and 200 mg/kg; i.p.), respectively. Animals in Group V served as the positive control group and received alternate day administration of folinic acid 20 mg/kg (i.p.).
The initial body weight of the mice was recorded (W0). After commencement of the treatment, the mice were weighed every three days for a period of 15 days. The percentage increase in body weight is given by the formula:    

Where Wd = body weight on either day 3, 6, 9, 12 or 15 respectively and W0= initial body weight.
2.6.4 STUDIES ON THE EFFECT OF CRF ON THE RELATIVE ORGAN   WEIGHT IN MICE
Mice were randomly divided and grouped into five groups (n=5). Mice in Group I served as the negative control group and received vehicle only. Mice in Groups II, III and IV served as the treatment groups and received alternate day administration of CRF (50, 100 and 200 mg/kg; i.p.), respectively. Mice in Group V served as the positive control group and received alternate day administration of folinic acid 20 mg/kg (i.p.). The animals were treated for 15 days and at the end, the body weight of each mouse was determined. 
The animals were sacrificed and the weight of vital organs like spleen, heart, liver, lungs and kidneys were determined and expressed as relative organ weight in mg/100 g body weight of the animal (Davis and Kuttan, 2000).
2.6.5 STUDIES ON THE EFFECT OF CRF ON LEUCOPOEISIS IN IMMUNOCOMPETENT MICE
The baseline total leucocyte counts and differential leucocyte counts of the mice placed in five groups (n=5) were determined on the first day of the experiment. Mice in Group I served as the negative control group and received vehicle only. Mice in Groups II, III and IV served as the treatment groups and received alternate day administration of CRF (50, 100 and 200 mg/kg; i.p.), respectively. Mice in Group V served as the positive control group and received alternate day administration of folinic acid 20 mg/kg (i.p.).
On 15th day of treatment, all the mice were sacrificed and blood was collected in heparinised vials. Blood samples for animals of each group were subjected for haematological studies such as Total Leucocyte Count (Subramonium et al., 1996). The percentage increase in Total Leucocyte Count is given by the formula below:

Where TLC D0 = Total Leucocyte count on Day 0 and TLC D15= Total Leucocyte count on day 15.

2.6.6 STUDIES ON THE EFFECT OF CRF ON CELLULAR IMMUNE RESPONSE USING THE DELAYED TYPE HYPERSENSITIVITY RESPONSE
Cellular immune response was studied in immunocompetent mice using the delayed-type hypersensitivity model (Sharma et al., 1994). Delayed-type hypersensitivity was induced in rats using SRBCs as antigen. The animals were immunized (sensitization) by injecting 0.1 ml of SRBC suspension containing 1×108 cells, intraperitoneally on day 3 and challenged on day 13 with 0.1 ml of 1×108 SRBC injected subcutaneously into the right hind footpad. The foot thickness was measured prior to the challenge and later at 24 h after challenge using a micrometre screw gauge. The animals (mice) were divided into four groups consisting of five animals each. The animals in Group I received the vehicle only and served as the negative control group. CRF was administered intra-peritoneally on alternate days for 21 days at a dose of 100 mg/kg and 200 mg/kg (Groups II & III). The positive control group (Group IV) received alternate day administration of Noni (100 mg/kg; i.p). The DTHR was taken to be the difference in paw thickness after 24 h (Nworu et al., 2008).

2.6.7 STUDIES ON THE EFFECT OF CRF ON HUMORAL IMMUNE RESPONSE USING THE HAEMAGGLUTINATION TECHNIQUE
The humoral immune response was determined using the haemagglutination technique (Puri et al., 1994). Mice used in this model were divided into four groups consisting of five animals each. The 1st group received vehicle and served as the negative control group (Group I). The Cyclotide- rich fraction (CRF) was administered intra-peritoneally on alternate days for 21 days at a dose of 100 mg/kg and 200 mg/kg (Groups II & III). The positive control group (Group IV) received alternate day administration of the reference standard, Noni (100 mg/kg; i.p). Treatment with standard drug and extract commenced on day 0 and ended on day 21. The animals were immunised with 0.1 ml of 1×108 SRBC intraperitoneally on day 3, including control group and were challenged on day 13 with 0.1 ml of 1× 108 SRBC. Blood samples were collected from individual animals from the retro-orbital plexus on day 13 and day 21 for HA titre. 
The haemagglutination titre was determined as follows: Two-fold dilutions sera in saline (0.025 ml) were mixed with 0.025 ml of 0.1% SRBC suspension in 96-well microtitre plates. The plates were incubated at 37±1°C for 1 h and then inspected for haemagglutination. The highest dilution giving rise to macroscopic haemagglutination was noted and the titre value was calculated using the formula:
HA titre = Log2 (dilution factor of highest dilution showing agglutination) (Nworu et al., 2008).
2.6.8 STUDIES ON THE EFFECT OF CRF ON HUMORAL IMMUNE RESPONSE USING OVALBUMIN AS IMMUNOGEN
Thirty mice were randomised into six groups (n = 5) after acclimatisation and used for this immunogenicity studies. Group I served as the naïve animal and did not receive the extract nor were they immunized with any antigen. Mice in Group II served as the negative control and were immunized on days 3 and 17 with 100 μg/mouse of ovalbumin (OVA) on the hind footpads (50 μg in 50 μl per footpad), but without the extract. Groups III, IV  and V are the treatment groups and were, in addition to similar OVA immunisation on days 3 and 17, given CRF (50, 100 and 200 mg/kg; i.p.) respectively in alternate days. Group VI mice were, in addition to similar OVA immunisation on days 3 and 17, given Noni (100 mg/kg) and served as the standard for comparison. All mice were bled by retro-orbital puncture on day 24 (7 days after boost immunisation) and the sera recovered for antibodies titre measurement (Nworu et al., 2012).

2.6.9 STUDIES ON THE EFFECT OF CRF ON HUMORAL IMMUNE RESPONSE USING TETANUS TOXOID (TT) AS IMMUNOGEN
Thirty mice were randomised into six groups (n = 5) after acclimatisation and used for this immunogenicity studies. Group I served as the naïve animal and did not receive the extract nor were they immunized with any antigen. Mice in Group II served as the negative control and were immunized on days 3 and 17 with 0.1ml per mouse of Tetanus Toxoid (TT) intraperitoneally but without the extract. Groups III, IV  and V are the treatment groups and were, in addition to similar TT immunisation on days 3 and 17, given CRF (50, 100 and 200 mg/kg; i.p.) respectively in alternate days. Group VI mice were, in addition to similar TT immunisation on days 3 and 17, given Noni (100 mg/kg) and served as the standard for comparison. All mice were bled by retro-orbital puncture on day 24 (7 days after boost immunisation) and the sera recovered for antibodies titre measurement (Nworu et al., 2012).
DETERMINATION OF ANTIBODY RESPONSE BY ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA)
The titre of antibodies raised against both Ovalbumin (OVA) and Tetanus Toxoid (TT) in the sera of treated and control groups were estimated by enzyme-linked immunosorbent assay. Micro-titre plates with 96 wells were coated separately with OVA (1μg in 100 μl/well) and TT (100 μl/well) in carbonate buffer (pH 9.6) and incubated overnight at 40C with a proper cover. After the incubation, the unbound OVA and TT were washed off thrice with 0.01M Phosphate Buffer Saline (PBS) buffer containing 0.05% Tween-20 (PBS-T). The non-specific binding sites were blocked with 5% solution of fat-free milk in PBS and incubated for 1 h at room temperature. The wells were washed again with PBS-T and incubated with 100 μl of 1 in 20 diluted sera samples in duplicates for 1 h at 37C. The unbound serum proteins and other constituents were washed off. To assess the antibody levels, 100 μl of Horse Radish Peroxidase (HRP)-conjugated goat anti-mouse IgG1, and IgG2a secondary antibodies were added at a dilution of 1:1000 and incubated for another 1 h at room temperature. 
Finally, the unbound conjugates were washed off with PBS-T and 100 μl/well of freshly prepared ABTS substrate was added. Then after about 15-30 min, the reaction was stopped with 100 μl of peroxidase stop solution. The colour developed was read at 405 nm using an automatic ELISA reader (Thermomax® ELISA Plate Reader). The data represent the mean absorbance values of the sera samples assayed in duplicates (Nworu et al., 2012).
2.6.10 ANTI-INFLAMMATORY STUDIES ON THE EFFECT OF CRF ON CARRAGEENAN INDUCED PAW OEDEMA IN RATS 
The method described by Winter et al. (1962) was adopted. Twenty-five rats were randomly divided into 5 groups (n=5). Group I animals each received 0.2 ml of vehicle (i.p) and served as the negative control group. Animals in groups II, III and IV received CRF (50, 100 and 200 mg/kg; i.p) respectively. Animals in Group V received Piroxicam (50 mg/kg; i.p) and served as the reference standard group. One hour after administration of drugs and extract, 0.1 ml of sterile saline solution of 1% carrageenan was injected into the sub plantar surface of the left hind paw. Paw size was studied by measuring the volume of water displaced by the inflamed paw at time 0 h (before carrageenan administration) and at time 0.5, 1, 2, 4, 6 and 24 h after the carrageenan administration. The percentage inhibition of paw volume in drug treated groups was compared with the negative control group. The ability of anti-inflammatory drugs to suppress paw inflammation was expressed as a percentage of inhibition of paw oedema and calculated according to the following equation (Khouzami, et al., 2009):

Where C = Mean increase in paw thickness of control group and 
T = Mean increase in thickness of treatment group.
2.6.11 ANTI-INFLAMMATORY STUDIES ON THE EFFECT OF CRF ON FORMALDEHYDE-INDUCED CHRONIC INFLAMMATION IN RATS
The effect of the cyclotide-rich fraction (CRF) on chronic inflammation was assessed utilizing formaldehyde-induced paw oedema (Chau, 1989). Adult Swiss albino rats of both sexes were grouped into five groups (n=5). Group I animals each received 0.2 ml of vehicle (i.p) and served as the negative control group. Animals in groups II, III and IV received CRF (100, 200 and 400 mg/kg; i.p) respectively. Animals in Group V received Dexamethasone (1 mg/kg; i.p) and served as the reference standard group. One hour later, chronic inflammation was induced by sub-planter injection of 0.1 ml of 2% formaldehyde solution and repeated on day 3, while drug administration was continued from day 1 to day 10. Changes in oedema were evaluated daily by measuring the volume of water displaced by the inflamed paw once daily for the 10 days. The percentage inhibitions of paw volume in drug treated groups were compared to the negative control group. The ability of anti-inflammatory drugs to suppress paw inflammation was expressed as a percentage of inhibition of paw oedema and calculated according to the following equation (Khouzami, et al., 2009). 

Where C = Mean increase in paw thickness of control group and T = Mean increase in paw thickness of treatment group.

2.7 STATISTICAL ANALYSIS 
The results obtained were analysed by SPSS version 20 using One way ANOVA and expressed as mean ± standard error of mean (Mean ± S.E.M). Differences between means of treated and control groups were evaluated further using Turkey HSD multiple comparison Post hoc test, and considered significant at P< 0.05.




CHAPTER THREE
RESULTS
3.1 DETERMINATION OF PERCENTAGE YIELD OF EXTRACT AND FRACTION
The percentage yield of the methanol/methylene chloride extract (MME) was determined to be 5.12%, while that of the cyclotide-rich fraction (CRF) had a percentage yield of 5.93%.



















TABLE 1: 
Table showing the result of the determination of percentage yield of extract and fraction
	EXTRACT/ FRACTION
	YIELD (g)
	PERCENTAGE YIELD (%)

	Methanol/Methylene Chloride Extract (MME)
	204.7
	5.12

	Cyclotide-Rich Fraction (CRF)
	41.5
	5.93
















3.2 PHYTOCHEMICAL ANALYSIS OF EXTRACT AND FRACTION
The phytochemical analysis showed the presence of different phytochemicals to varying degrees. Flavonoids, proteins and alkaloids were relatively most abundant; steroids and terpenoids were also present. The details of this result are shown in Table 2.





















TABLE 2:
Table showing the result of the phytochemical analysis of extract and fraction 
	CONSTITUENTS
	METHANOL/METHYLENE CHLORIDE EXTRACT (MME)
	CYCLOTIDE-RICH FRACTION (CRF)

	FLAVONOIDS
	+++
	+++

	GLYCOSIDES
	-
	-

	ALKALOIDS
	+++
	++

	SAPONINS
	-
	++

	TANNINS
	+
	-

	PROTEINS
	+++
	+++

	REDUCING SUGARS
	+
	++

	STEROIDS
	++
	+

	TERPENOIDS
	++
	-

	FATS & OILS
	-
	-


Where - = absent; 
+ = present in low amounts;
 	++ =   moderately present and 
+++ = abundantly present). 




3.3 ACUTE TOXICITY TEST (LD50)
The administration of up to 5000 mg/kg of both extract and fraction to mice caused no lethality in the two stages of this test.  The LD50 of both extract and fraction was estimated to be greater than 5000 mg/kg. Therefore, they are not acutely toxic and safe for all practical purposes. Details are presented in Table 3.




















TABLE 3: 
Table showing the results of acute toxicity test (LD50)
	EXTRACT/ FRACTION
	Groups of animals
	FIRST STAGE
	SECOND STAGE

	
	
	Dose (mg/kg)
	No of death in 24 h
	Dose (mg/kg)
	No of death in 24 h

	METHANOL/ METHYLENE CHLORIDE EXTRACT (MME)
	1
	10
	0/3
	1600
	0/1

	
	2
	100
	0/3
	2900
	0/1

	
	3
	1000
	0/3
	5000
	0/1

	CYCLOTIDE- RICH FRACTION (CRF)
	1
	10
	0/3
	1600
	0/1

	
	2
	100
	0/3
	2900
	0/1

	
	3
	1000
	0/3
	5000
	0/1








3.4 THE EFFECT OF THE METHANOL/METHYLENE CHLORIDE EXTRACT (MME) ON PHAGOCYTIC INDEX
The effects of MME at dose-levels of 50 and 100 mg/kg on the phagocytic index were significant (P<0.05) compared to the positive control group Noni at a dose of 100 mg/kg (Fig. 1; Appendix I). Nevertheless, at a dose of 200 mg/kg, MME exhibited a significant reduction of the phagocytic index (P<0.05) compared to both negative and positive controls, thus indicating suppression of clearance of carbon particles by the reticuloendothelial system.
Conversely, the positive control group ‘Noni’ a commercial extract of Morinda citrifolia, known to possess potent immunostimulatory effects, produced a significant increase in the phagocytic index compared to the control (P<0.05), thus exhibiting stimulation of clearance of carbon particles by the reticulo-endothelial system (Fig. 1).
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Figure1. Effect of the methanol/methylene chloride extract (MME) on the phagocytic index. 
Values plotted are normalised to the negative control.*P<0.05 compared to Noni; n=5.




3.5 THE EFFECT OF THE METHANOL/METHYLENE CHLORIDE EXTRACT (MME) ON HAEMOLYTIC ACTIVITY OF COMPLEMENT PROTEIN
The methanol/methylene chloride extract (MME) at the concentrations used in this model, exhibited a stimulatory effect of the haemolytic activity of complement proteins (see table 4 below). MME showed significant stimulation (P<0.05) of the haemolytic activity of complement proteins at concentrations of 250 and 500 µg/ml.



















TABLE 4: 
Effect of MME on haemolytic activity of complement protein
	CONCENTRATION (µg/ml)
	ABSORBANCE (541 nm)
	% STIMULATION

	62.50
	0.0428 ± 0.01
	3.63

	125
	0.0497 ± 0.029
	20.34

	250
	0.0762 ± 0.053 
	84.50*

	500
	0.0885 ± 0.031 
	114.28*

	CONTROL
	0.0413 ± 0.003
	


Absorbance values are expressed as mean ±SEM (n = 3). All absorbance values were corrected for the mean absorbance (0.025 ± 0.001) recorded for the 0% lyses control treatment. *P < 0.05 compared to control.








3.6 THE EFFECT OF THE METHANOL/METHYLENE CHLORIDE EXTRACT (MME) ON MEAN BODY WEIGHT
The groups of mice that received MME showed a significant decrease in the rate of weight gain at all the dose levels administered as evidenced by their negative percentage values (P<0.05; P<0.01) compared to the negative control (Fig. 2; Appendix II). The group that received the reference drug folinic acid showed a progressive increase in the rate of weight gain, however, these values were not significant compared to the negative control. 
Therefore, administration of MME resulted in a significant decline in the mean body weight of mice, thus decreasing the rate of weight gain. 














Figure 2: Effect of the methanol/methylene chloride extract (MME) on mean body weight. 
Mean percentage increase in body weight is plotted against time in days; n=5.





3.7 THE EFFECT OF THE METHANOL/METHYLENE CHLORIDE EXTRACT (MME) ON RELATIVE ORGAN WEIGHT
None of the doses of MME showed mortality in the extract treated animals. Administration of MME at a dose of 200 mg/kg resulted in a significant (P<0.05) difference in the relative weights of the spleen and liver when compared to the negative control group (Table 5).
In addition, the positive control folinic acid 20 mg/kg exhibited a significant change in the relative weight of the lungs when compared to the negative control.

















TABLE 5: 
The effect of MME on the relative organ weight
	
TREATMENT
	RELATIVE ORGAN WEIGHT

	
	LIVER
	SPLEEN
	KIDNEY
	HEART
	LUNGS

	NEGATIVE CONTROL
	3.58±0.88
	0.59±0.04
	1.13±0.19
	0.55±0.20
	0.59±0.06

	MME 50 mg/kg
	4.39±0.35
	0.685±0.10
	1.43±0.06
	0.45±0.025
	0.66±0.03

	 MME 100 mg/kg
	4.15±0.18
	0.588±0.09
	1.34±0.10
	0.41±0.03
	0.64±0.03

	MME 200 mg/kg
	4.63±0.42
	1.64±0.80 *
	1.25±0.07
	1.75±0.77 *
	0.62±0.04

	FOLINIC ACID 20 mg/kg
	3.94±0.08
	0.46±0.02
	1.11±0.12
	0.51±0.08
	0.81±0.29 *



Results are expressed as mean ± SEM; n= 5; *P<0.05 compared to control.









3.8 THE EFFECT OF THE METHANOL/METHYLENE CHLORIDE EXTRACT (MME) ON THE TOTAL LEUCOCYTE COUNT
Administration of MME at doses of 50 mg/kg and 100 mg/kg, elicited a percentage increase of 15.47% and 13.98% respectively, in the total leucocyte count as compared to their baseline values (Fig. 3). These values are significantly lower compared to that of the negative control group, which gave an increase of 78.57% in TLC (P<0.05). MME at 200 mg/kg produced a percentage increase in TLC of 37.31%, which is significant (P<0.05) compared only to the positive control group (folinic acid 20 mg/kg). Furthermore, the effect of folinic acid 20 mg/kg on the percentage increase in TLC is significant (P<0.05) compared to the negative control group.
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Figure3. Effect of the methanol/methylene chloride extract (MME) on the total leucocyte count (TLC) in mice
Mean percentage increase in TLC is plotted against the treatment groups.
a P<0.05 compared to negative control; b P<0.05 compared to positive control (folinic acid); n=5.



3.9 THE EFFECT OF THE METHANOL/METHYLENE CHLORIDE EXTRACT (MME) ON CARRAGEENAN-INDUCED PAW OEDEMA IN RATS
On assessing the acute anti-inflammatory activity with this model, treatment with both extract (MME) and standard agent, piroxicam, significantly reduced the paw oedema induced by carrageenan. In the negative control group, carrageenan produced a local paw oedema, reaching its maximum at 6 h. Administration of the extract (MME) at a dose of 100 mg/kg, produced the greatest significant inhibition of 78.26% at 6 h (P<0.001) compared to negative control. The standard group (piroxicam 50 mg/kg) also produced significant (P<0.001) reduction in paw oedema; exhibiting 100% inhibition at 2h compared with the control (Fig. 4; Appendix IV).


















Figure 4:  Effect of the methanol/methylene chloride extract (MME) on carrageenan- induced paw oedema in rats
Mean percentage inhibition in paw oedema (compared to control) is plotted against time (h); n=5.





3.10 THE EFFECT OF THE METHANOL/METHYLENE CHLORIDE EXTRACT (MME) ON FORMALDEHYDE-INDUCED CHRONIC ARTHRITIS IN RATS
The anti-inflammatory effect of MME in this formaldehyde-induced chronic arthritis model in rats is shown in the Figure 5 below. Both extract and standard drug (Dexamethasone) significantly attenuated progression of chronic inflammation induced by formaldehyde (P<0.05) compared to negative control. The greatest level of inhibition was exhibited by MME at 400 mg/kg, producing a significant inhibition of 94.4% on Day 9 in this model. The standard group (Dexamethasone 1 mg/kg) also showed significant inhibition in oedema exhibiting 77.6% inhibition (P<0.01) on Day10 (see Appendix V).


















Figure 5: Effect of the methanol/methylene chloride extract (MME) on formaldehyde-induced chronic arthritis in rats. 
Mean percentage inhibition in paw oedema (compared to control) is plotted against time (in days); n=5.






3.11 THE EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON PHAGOCYTIC INDEX
The effects of CRF on the phagocytic index at all dose-levels used in this model were significantly lower (P<0.05) compared to control group (Figure 6) thus exhibiting suppression of clearance of carbon particles by the reticuloendothelial system. Conversely, administration of ‘Noni’-the positive control, a commercial extract of Morinda citrifolia, known to possess potent immunostimulatory effects, produced a significant increase in the phagocytic index compared to the control (P<0.05), thus exhibiting stimulation of clearance of carbon particles by the reticulo-endothelial system.
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Figure 6:  Effect of the cyclotide-rich fraction (CRF) on the phagocytic index. 
Values plotted are normalised to the negative control; *P<0.05 compared to Noni; n=5.




3.12 THE EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON HAEMOLYTIC ACTIVITY OF COMPLEMENT PROTEIN
The cyclotide-rich fraction at the concentrations used in this model, exhibited a stimulatory effect of the haemolytic activity of complement proteins (Table 6 below). Furthermore, CRF showed significant stimulation (P<0.05) of the haemolytic activity of complement proteins at concentrations of 500 µg/ml.


















TABLE 6: 
Effect of CRF on haemolytic activity of complement protein
	CONCENTRATION (µg/ml)
	ABSORBANCE (521nm)
	% STIMULATION

	62.5
	0.0115 ± 0.002
	15

	125
	0.0126 ± 0.006
	26

	250
	0.0133 ± 0.001
	33

	500
	0.0167 ± 0.002 
	67*

	Control
	0.0100 ± 0.001
	


Absorbance values are expressed as mean ±SEM (n = 3). All absorbance values were corrected for the mean absorbance (0.025 ± 0.001) recorded for the 0% lyses control treatment; * P < 0.05 compared to control.








3.13 THE EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON MEAN BODY WEIGHT
The groups of mice that received CRF showed a slight increase in the mean body weight; however, these values were significantly lower than that of the negative control group (P<0.05; P<0.01). Administration of CRF at a dose of 50 mg/kg resulted in significant negative percentage values signifying a reduction in the mean body weight on Day 9 and Day 12 (Fig. 7; Appendix VII). The group that received folinic acid showed a progressive increase in the mean body weight signifying weight gain; however, these values were not significant compared to control.


















Figure 7: Effect of the cyclotide-rich fraction (CRF) on mean body weight. 
Mean percentage increase in body weight is plotted against days; n=5.






3.14. THE EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON RELATIVE ORGAN WEIGHT IN MICE
None of the doses of CRF showed mortality in the experimental animals. Furthermore, no significant relative organ weight differences were recorded in the various groups of animals treated with this fraction when compared with the control group. Folinic acid 20 mg/kg exhibited a significant change in the relative weight of lungs compared to the negative control group (Table 7).

















TABLE 7: 
EFFECT OF CRF ON THE RELATIVE ORGAN WEIGHT IN MICE 
	
TREATMENT
	RELATIVE ORGAN WEIGHT

	
	LIVER
	SPLEEN
	KIDNEY
	HEART
	LUNGS

	NEGATIVE CONTROL
	3.58±0.88
	0.588±0.04
	1.13±0.19
	0.55±0.20
	0.59±0.06

	CRF 50 mg/kg
	3.76±0.12
	1.12±0.47
	1.28±0.07
	1.01±0.59
	0.60±0.013

	CRF 100 mg/kg
	3.88±0.69
	1.15±0.23
	1.15±0.29
	0.602±0.19
	0.69±0.09

	CRF 200 mg/kg
	3.68±0.93
	0.90±0.19
	1.14±0.22
	0.85±0.12
	0.66±0.09

	FOLINIC ACID 20 mg/kg
	3.94±0.08
	0.46±0.02
	1.11±0.12
	0.51±0.08
	0.81±0.29 *



Results are expressed as mean ± SEM; n= 5. * P<0.05 compared to control.









3.15 THE EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON THE TOTAL LEUCOCYTE COUNT 
Administration of CRF at doses of 100 mg/kg and 200 mg/kg, elicited a percentage decrease of 19.83% and 28.74% respectively in the total leucocyte count as compared to their baseline values, these values clearly portray a significant decrease in TLC.  These values are significantly lower (P<0.05) compared to that of the negative control group, which gave an increase of 78.57% in TLC (Fig. 8). Furthermore, the effect of folinic acid 20 mg/kg on the percentage increase in TLC is significant (P<0.05) compared to the negative control group.
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Figure 8: Effect of the cyclotide-rich fraction (CRF) on the total leucocyte count in mice
Mean percentage increase in TLC is plotted against the treatment groups, n=5.
a P<0.05 compared to negative control; b P<0.05 compared to positive control (folinic acid).








3.16 THE EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON DELAYED TYPE HYPERSENSITIVITY RESPONSE (DTHR)
The Delayed-Type Hypersensitivity response to SRBC which corresponds to cell-mediated immunity showed a non-significant reduction (P>0.05) in the DTHR for CRF treated groups compared to the negative control. However, a significant increase in the group treated with Noni 100 mg/kg (positive control) is seen compared to the negative control (Figure 9; Appendix IX).
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Figure 9: Effect of the cyclotide-rich fraction (CRF) on DTHR.
Mean DTHR is plotted against treatment groups; n=5.








3.17 THE EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON THE HAEMAGGLUTINATION ANTIBODY TITRE
Groups of mice treated with CRF exhibited a significant and dose-dependent increase in the haemagglutination antibody titre levels compared with negative control (P<0.001) indicating a stimulation of antibody production by B-cells. In addition, group treated with Noni 100mg/kg (positive control) exhibited a significant increase in the haemagglutination antibody titre levels compared with negative control (P<0.001) indicating a stimulation of antibody production (Figure 10; Appendix X). 
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Figure 10: Effect of the cyclotide-rich fraction (CRF) on the Haemagglutination antibody titre 
Mean haemagglutinatin antibody titre is plotted against treatment groups, (n=5); *** P<0.001 compared to control.





3.18 EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON OVALBUMIN-SPECIFIC IgG1 ANTIBODY TITRE
Administration of CRF at all doses used for this model produced higher primary and secondary antibody titres. Doses of 100 and 200 mg/kg produced a significantly (P<0.05) higher secondary titre levels in the sera of immunised animals compared to the negative control indication of a boost in humoral immunity. The group administered 200 mg/kg produced a significant increase in OVA-specific IgG1 primary titre levels (Figure 11; Appendix XI).  It should be noted that the secondary titre values are expectedly greater than the primary antibody titre values. These increases recorded were similar to that produced by the group that received the reference drug “Noni” a commercial extract of Morinda citrifolia, reportedly a potent immunomodulatory agent. 
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Figure 11: Effect of CRF on the OVA-specific IgG1 antibody titre.
Each bar represents mean titre values normalised to naive; n-5; * P<0.05 compared to negative control. 




3.19 EFFECT OF CYCLOTIDE-RICH FRACTION (CRF) ON OVALBUMIN-SPECIFIC IgG2a ANTIBODY TITRE
Administration of CRF at all doses used for this model produced higher primary and secondary antibody titres of OVA-specific IgG2a. Doses of 100 and 200 mg/kg produced significantly (P<0.05) higher OVA- specific IgG2a primary and secondary titre levels in the sera of immunised animals compared to the negative control, an indication of stimulation of antibody production by the B-cells (Figure 12; Appendix XII). It should be noted that the secondary titre values are expectedly greater than the primary antibody titre values. These increases noted were similar to that produced by the group that received the reference drug “Noni” a commercial extract of Morinda citrifolia, reportedly a potent immunomodulatory agent. 
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Figure 12: Effect of CRF on OVA-specific IgG2a antibody titre.
 Each bar represents mean titre values normalised to naive ± SEM; n=5; * P<0.05 compared to negative control. 






3.20 THE EFFECT OF CYCLOTIDE-RICH FRACTION (CRF) ON TETANUS TOXOID-SPECIFIC IgG1 ANTIBODY TITRE
Administration of CRF at all doses used for this model produced higher primary and secondary antibody titres levels of tetanus toxoid -specific IgG1 antibody(Fig 13; Appendix XIII) with doses of 100 and 200 mg/kg producing a significantly (P<0.05) higher titre levels in the secondary antibody titres in sera of immunised animals compared to the negative control. This indicates a stimulation of antibody production by the B-cells. At a dose of 200 mg/kg, CRF produced a significant (P<0.05) increase in primary antibody titre levels compared to the negative control. These increases noted were similar to the significant (P<0.05) increase in both primary and secondary titre levels produced by the group that received the reference drug “Noni” a commercial extract of Morinda citrifolia, reportedly a potent immunomodulatory agent. 
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Figure 13: Effect of CRF on TT-specific IgG1 antibody titre
Each bar represents mean antibody titre values normalised to naïve ± SEM; n=5. *P<0.05 compared to control.






3.21 THE EFFECT OF CYCLOTIDE-RICH FRACTION (CRF) ON TETANUS TOXOID -SPECIFIC IgG2a ANTIBODY TITRE
Administration of CRF at all doses used for this model produced higher primary and secondary antibody titres of Tetanus toxoid -specific IgG2a (Fig 14; Appendix XIV), with doses of 100 and 200 mg/kg producing significantly (P<0.05) higher titre levels in the secondary response in the sera of immunised animals compared to the negative control. This indicates stimulation of the antibody production by B-cells. At the dose of 200 mg/kg, CRF produced a significant (P<0.05) in the primary antibody titre compared to the negative control. These increases noted were similar to the increase in both primary and secondary antibody titre levels (see fig 14) produced by the group that received the reference drug “Noni” a commercial extract of Morinda citrifolia, reportedly a potent immunomodulatory agent. 
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Figure 14: Effect of CRF on TT-specific IgG2a antibody titre
Each bar represents mean antibody titre values normalised to naïve ± SEM; n=5. *P<0.05 compared to control.





3.22 THE EFFECT OF CYCLOTIDE-RICH FRACTION (CRF) ON CARRAGEENAN-INDUCED PAW OEDEMA IN RATS
On assessing the acute anti-inflammatory activity with this model, treatment with CRF and the standard agent, piroxicam, significantly reduced the paw oedema induced by carrageenan. In the negative control group, carrageenan produced a local paw oedema, reaching its maximum at 6 h (Figure 15). Treatment with CRF produced significant inhibitions of 42.86% and 39.13% at 2 h and 6 h at dose of 100 mg/kg and 200 mg/kg respectively (P<0.01; P<0.001) compared to control. Notably, with the administration of CRF at both 100 and 200 mg/kg, there was an initial increase in oedema as exhibited with negative values of the percentage inhibitions at 0.5 h and 1 h time-marks before a decrease in oedema was obtained (see Appendix XV). 
The standard group (piroxicam 50 mg/kg) also produced significant reduction in paw oedema; exhibiting 100% inhibition at 2 h compared with the control (P<0.001). 













Figure 15: Effect of the cyclotide-rich fraction (CRF) on carrageenan-induced paw oedema in rats. 
Mean percentage inhibition in paw oedema (compared to control) is plotted against time (h); n=5.





3.23 THE EFFECT OF CRF ON FORMALDEHYDE-INDUCED CHRONIC ARTHRITIS IN RATS
The anti-inflammatory effect of the cyclotide-rich fraction (CRF) in this formaldehyde-induced chronic arthritis model in rats is shown in the Fig 16 below (Appendix XVI). Both CRF and the standard drug (Dexamethasone) significantly attenuated progression of chronic inflammation induced by formalin (P<0.05) compared to negative control, with CRF at 200mg/kg exhibiting a significant inhibition of oedema at a percentage value of 94.4% on Day9. The standard group (Dexamethasone 1mg/kg) showed significant (P<0.01) inhibition in oedema throughout the experiment, exhibiting 77.6% inhibition on Day10.


















Figure 16: Effect of the cyclotide-rich fraction (CRF) on formaldehyde-induced chronic arthritis in rats. 
Mean percentage inhibition in paw oedema (compared to control) is plotted against time (in days); n=5.





CHAPTER FOUR
DISCUSSION AND CONCLUSION
4.1 DISCUSSION
Immunoregulation is a complex balance between regulatory and effector cells and any imbalance in immunological mechanism can lead to pathogenesis (Rosenberg et al., 1985). Herbal drugs are known to possess immunomodulatory properties and generally act by stimulating both specific and non-specific immunity. The inflammatory response is a major aspect of the innate (non-specific) immunity. Many plants used in traditional medicine have immunomodulatory properties. Some of these stimulate/suppress both humoral and cell-mediated immunity, while others activate only the cellular components of the immune system (Claman, 1987). In recent times, the modulation of immune response by using medicinal plant products as a possible therapeutic measure has become a subject of active scientific investigations. 
This present study is aimed at the evaluation of the immunomodulatory and anti-inflammatory properties of the methanol/methylene chloride extract of Oldenlandia affinis and its cyclotide-rich fraction in animal models. Oldenlandia affinis belongs to the Rubiaceae family of medicinal plants. Studies have shown it to contain several cyclotides. Cyclotides are a family of small proteins characterized by their head-to-tail cyclic backbone and a cystine knot arrangement of three conserved disulfide bonds. They are notable for their stability and a variety of bioactivities and their natural function is thought to be to protect plants from pest or pathogens, thus playing a role in the plant-defence system (Craik et al., 1999).
The experimental protocol was carried out in two major phases. In the first phase, the methanol-methylene chloride extract of O. affinis (MME) was evaluated for its immunomodulatory and anti-inflammatory properties using various animal models. The second stage involved further studies on the immunodulatory and anti-inflammatory properties of the cyclotide-rich fraction of O. affinis (CRF).
Acute toxicity studies in mice estimated the LD50 of both MME and CRF to be greater than 5g/kg. This signifies that at this dose, they did not cause lethality and implies a remote risk for possible acute intoxication, thus they are reasonably safe for all practical purposes (Lorke, 1983).
In this study, a significant increase in the relative weight of the spleen was noticed on administration of the higher dose (200mg/kg) of MME compared to the control. Lower doses did not elicit such a response. However, no significant effect in the relative organ weights was exhibited with the administration of the cyclotide-rich fraction (CRF). Spleen serves as a reservoir for blood and filters or purifies the blood and lymphatic fluid that flows through it. When the spleen is damaged or removed, the individual is more susceptible to infections, and hence spleen index is a suitable parameter for monitoring immune system function. The increase in the weight of spleen noticed may be partly due to the stimulatory effect of the crude extract on this immune organ. 
Administration of the methanol/methylene chloride extract of O. affinis (MME) showed a significantly lower percentage increase in the total leucocyte count (TLC) when compared to the negative control. The cyclotide-rich fraction (CRF) also showed a decrease in the total leucocyte count (TLC), probably indicating inhibition of the haemopoeitic system, which is responsible for the production of leucocytes. Administration of both MME and CRF elicited a significant decrease in the body weight of mice compared to the negative control.
The carbon clearance test was done to evaluate the effect of drugs on the reticuloendothelial system. The reticuloendothelial system (RES) is a diffuse system consisting of phagocytic cells. Cells of the RES play important role in the clearance of particles from the bloodstream. The clearance rate of granular foreign bodies from circulation reflects the phagocytic function of mononuclear macrophages. When colloidal carbon particles in the form of ink are injected directly into the systemic circulation, the rate of clearance of carbon from the blood by macrophage is governed by an exponential equation (Gokhale et al., 2003). Active phagocytosis is the major defence mechanism against infection. The role of phagocytosis is the removal of microorganisms and foreign bodies, dead or injured cells. The increase in the carbon clearance index reflects the enhancement of the phagocytic function of mononuclear macrophage and nonspecific immunity. Phagocytosis by macrophages is important against the smaller parasites and its effectiveness is markedly enhanced by the opsonisation of parasites and foreign particulate matter with antibodies and complement C3b, leading to a more rapid clearance of parasites from the blood (Pallabi et al., 1998).
Administration of the methanol/methylene chloride extract of O. affinis (MME) resulted in a decrease in phagocytic index compared to control. The higher dose (200mg/kg) showed a significantly greater decrease in phagocytic index compared to control. Likewise, administration of the cyclotide-rich fraction (CRF) also showed significant decrease in the phagocytic index. Hence, these agents may be said to decrease the activity of the mononuclear macrophages (reticuloendothelial system) thus suppressing this aspect of the non-specific (innate) immunity.
The complement system is a major nonspecific effector mechanism that plays an important role in the amplification of some specific immune responses. The complement system helps or “complements” the ability of antibodies and phagocytic cells to clear pathogens from an organism. The activated complement components mediate a variety of tissue responses including inflammatory reactions (Sharma et al., 1996; Prescott et al., 2002). Complement proteins can lyse antibody-coated eukaryotic cells and bacteria (cytolysis). Complement proteins also lyse red blood cells (e.g. sheep red blood cells), and are said to have a haemolytic activity. The extracts and fractions were incubated with guinea pig pooled serum (GPS) as the source of complement proteins. The methanol/methylene chloride extract of O. affinis (MME) stimulated the haemolytic activity of complement at 250 and 500μg/ml, while the cyclotide-rich fraction (CRF) stimulated the haemolytic activity of complement at 500μg/ml.
Cell-mediated immunity (CMI) involves effector mechanisms carried out by T lymphocytes and their products (lymphokines) (Miller et al, 1991). DTH requires the specific recognition of a given antigen by activated T lymphocytes, which subsequently proliferate and release cytokines. These in turn increase vascular permeability, induce vasodilatation, macrophage accumulation, and activation, promoting increased phagocytic activity and increased concentrations of lytic enzymes for more effective killing. When activated T-Helper cells encounter certain antigens (e.g. SRBCs), they secrete cytokines that induce a localised inflammatory reaction called delayed type hypersensitivity (Bafna and Mishra, 2004). DTH is a part of the process of graft rejection, tumour immunity and most importantly, immunity to many intracellular infections of microorganisms, especially those causing chronic diseases (Elgert, 1972). 
DTH usually takes 24-72 h to develop and involves activation of T cells, which results in the infiltration into the area of inflammation by monocytes and lymphocytes. DTH comprises of two phases, an initial sensitisation phase after the primary contact with SRBC antigen. During this period TH1 cells are activated and clonally expanded by APC (antigen presenting cells) with class II MHC molecule (e.g. Langerhans cells and macrophages are APC involved in DTH response). A subsequent exposure to the SRBCs antigen induces the effector phase of the DTH response, where T-Helper cells secrete a variety of cytokines that recruits and activates macrophages and other non -specific inflammatory mediators. The delay in the onset of the response reflects the time required for the cytokines to induce the recruitment and activation of macrophages (Rao, 2006). 
In this study, the manifestation of delayed type hypersensitivity reaction, which directly correlates with cell-mediated immunity (CMI), was inhibited by the cyclotide-rich fraction (CRF) of O.affinis, which maybe an indication of its ability to suppress cell-mediated immune responses. This mechanism is probably related to the anti-inflammatory properties of this plant cyclotides. This inhibition can occur by immune deviation, which entails steering T-cells towards an IL-4 producing TH2 or TC2 phenotypes (Biedermann et al., 2001).
The humoral immunity involves interaction of B cells with the antigen and their subsequent proliferation and differentiation into antibody-secreting plasma cells. Antibody functions as the effector of the humoral response by binding to antigen and neutralizing it or facilitating its elimination by cross-linking to form clusters that are more readily ingested by phagocytic cells. The antibody response is the culmination of a series of cellular and molecular interactions occurring in an orderly sequence between a B cell and a variety of other cells of the immune system (Roitt et al., 2001). To evaluate the effect of this plant on humoral response, its influence was tested on sheep erythrocyte specific haemagglutination titre in mice (Bencerraf, 1978).  Furthermore, its effect on antibody titre levels using ovalbumin and tetanus toxoid as specific antigens in mice were also tested utilizing the Enzyme Linked Immunosorbent Assay (ELISA) technique. 
Administration of the extract caused an elevation of humoral immune response to sheep RBCs antigen in mice. Antibody synthesis requires the co-operation of at least three major cell types, the macrophages, the B-lymphocytes and T-lymphocytes (Benecerraf, 1978). The secondary titres are expectedly higher, since subsequent antigenic stimulation of priory-sensitised animals may result in high antibody production, as there is now an expanded clone of cells with memory of the original antigen available to proliferate into mature plasma cells (Furr, 1998). This property will enhance humoral immune protection of the animal, which is mediated through opsonisation, direct neutralization of antigen, agglutination of antigen and activation of complement systems to cause lyses and death of antigenic cells (Green and Harris, 1996). 
Administration of the cyclotide- rich fraction (CRF) of O. affinis produced a significant and dose related increases in specific IgG1, and IgG2a antibody titres against Ovalbumin and Tetanus toxoid in mice. Antibodies (Immunoglobulins) are produced by plasma cells and are used by the immune system to identify and neutralize foreign objects such as bacteria and viruses by recognising unique part of the foreign target (the antigenic epitope) for specific binding (Janeway, 2001). Using this binding mechanism, an antibody can tag a microbe or an infected cell for attack by other parts of the immune system, or can neutralize its target directly (for example, by blocking a part of the microbe that is essential for its invasion and survival). The IgG antibody isotype provides the majority of antibody-based immunity against invading pathogens (Pier et al., 2004). Antibody molecules, a product of B-lymphocytes and plasma cells, are central to humoral immune responses. IgG and IgM are the major immunoglobulins, which are involved in the complement activation and opsonisation neutralization of toxins, among others (Miller, 1991). The augmentation of the humoral response as evidenced by the increase in antibody titre may indicate the enhanced responsiveness of macrophages and B-lymphocytes subsets involved in antibody synthesis (Makare et al., 2001; Gokhale et al., 2003; Sehar et al., 2008). 
The inflammatory response is an important aspect of innate (non-specific) immune system. Its main purpose is to destroy the injurious agent and/or minimize its effects.  Though inflammation is normally protective but if untreated, it can go for chronic condition leading to serious complications. Numerous reports have been demonstrated in increased incidence of inflammatory condition in lifestyle diseases like diabetes (Kumar et al., 2005).
In the present study, the methanol/methylene chloride extract of O. affinis (MME) and its cyclotide-rich fraction (CRF) were screened for anti-inflammatory effects using animal models: carrageenan-induced paw oedema model for acute anti-inflammatory activity and the formaldehyde-induced arthritis model for chronic anti-inflammatory activity. Pharmacological screening of MME and CRF revealed that both agents possess potent anti-inflammatory effect in the acute and chronic models of inflammation utilized in this study.
The carrageenan-induced rat paw oedema is used widely as a working model of inflammation in the search for new anti-inflammatory drug (Ratheesh and Helen, 2007). This model is based on the principle of release of various inflammatory mediators by carrageenan. Carrageenan is a polysaccharide of sulphated galactose units and is derived from Irish Sea moss Chondrous crispus. Oedema formation due to carrageenan in the rat paw is biphasic, where in the initial phase the release of histamine and serotonin takes place. The second phase is due to the release of prostaglandins, protease and lysosome (Vinegar et al., 1969; Posadas et al., 2004). Subcutaneous injection of carrageenan into the rat paw produces inflammation resulting from plasma extravasation, increased tissue water and plasma protein exudation, along with neutrophil extravasation, due to the metabolism of arachidonic acid (Chatpalliwar et al., 2002). The first phase begins immediately after injection of carrageenan and diminishes in two hours, while the second phase begins at the end of first phase and remains through three to five hours.
The results from the present study indicate that the administration of the methanol/methylene chloride extract of O. affinis (MME) and its cyclotide-rich fraction (CRF) significantly reduced carrageenan-induced paw oedema in rats compared to the negative control. Carrageenan, a potent phlogistic agent, produced inflammation through the release of several inflammatory mediators. These chemical mediators produce increase in vascular permeability thus prompting fluid accumulation in tissues, which result in oedema (Williams and Morley, 1973; White, 1999). Hence, reduction in paw oedema may be due to inhibition of these inflammatory mediators. These mediators are also involved in DTH reactions, hence the similarities of results seen in these models.
The inhibition produced by these agents is comparable to that produced by the reference standard drug-piroxicam. Piroxicam is a Non-Steroidal Anti-inflammatory Drug (NSAID). The anti-inflammatory actions of the NSAIDs are most likely explained by their inhibition of prostaglandin synthesis by Cyclo-oxygenase 2 (COX-2). The COX-2 isoform is the predominant COX involved in the production of prostaglandins during inflammatory processes. Prostaglandins of the E and F series evoke some of the local and systemic manifestations of inflammation, such as vasodilation, hyperaemia, increased vascular permeability, swelling, pain, and increased leucocyte migration. In addition, they intensify the effects of inflammatory mediators, such as histamine, bradykinin, and 5-hydroxytryptamine (Prescott et al., 2002). Therefore, the inhibition of carrageenan-induced inflammation by the both the methanol/methylene chloride  extract of O. affinis (MME) and its cyclotide-rich fraction (CRF) could be due to the inhibition of the enzyme cyclooxygenase and subsequent inhibition of prostaglandin synthesis.
In chronic inflammatory model, inhibition of formalin-induced pedal oedema in rats is considered as one of the most suitable test procedures to screen chronic anti-inflammatory agents, as it closely resembles human arthritis (Greenwald, 1991). This model is based upon the ability of the test drug to inhibit the oedema produced in the hind paw of rats after injection of formalin. Inflammation induced by formalin is biphasic, an early neurogenic component is mediated by substance P and bradykinin followed by a later tissue-mediated response. In the first phase, there is release of histamine, 5-HT, and kinin, while the second phase is related to the release of prostaglandins (Wheeler-Aceto and Cowan, 1991). Administration of the methanol/methylene chloride extract of O. affinis (MME) significantly attenuated progression of chronic inflammation induced by formaldehyde compared to negative control. This effect observed is dose-dependent in that the highest dose (400mg/kg) produced the greatest level of inhibition. The cyclotide-rich fraction (CRF) also exhibited a similar effect as evidenced by its significant attenuation of the progression of chronic inflammation induced by formaldehyde. The standard group (Dexamethasone 1mg/kg) also showed significant inhibition in oedema. 
Phytochemical investigations revealed the presence of flavonoids, alkaloids and proteins, tannins, steroids and terpenoids in the methanol/methylene chloride extract of O. affinis (MME), with flavonoids, alkaloids and proteins/peptides being most abundant. Flavonoids, alkaloids, saponins, proteins and steroids were seen to be present in the cyclotide-rich fraction (CRF), with flavonoids and proteins/peptides being most abundant. Various research works in the current literature indicate the immunomodulatory activities of these secondary metabolites in other plants (Rudi, 1993; Kawakita et al., 2005; Ghule et al., 2007; Hussain et al., 2004) and the presence of these constituents may be responsible for the immunomodulatory activity exhibited by this plant. The presence of proteins/peptides can be attributed to the presence of cyclotides (plant cyclic proteins) in the extracts.
Plausible explanations to previously reported effects of cyclotides have been based on their resemblance to other antimicrobial peptides and their mechanisms (Tam, 1999; Craik, 2001). One such family of polypeptides, the defensins, also share some structural properties with the cyclotides, such as size, and the organization of sheets reinforced by three disulphide bridges. Defensins are known to be distributed widely in plants, as well as in animals, where they play an important part of the innate immune system (Garcia-Olmedo et al., 1998; Ganz and Leher, 1999) just as cyclotides do from the findings of this study.
4.2 CONCLUSION
Immune responses fall into two categories; specific or adaptive immune response and non-adaptive or non-specific immune response. The inflammatory response is a non-specific immune response (innate immunity). Specific immune response responds to the challenge with a high degree of specificity as well as the remarkable property of "memory". Memory response generates a life-long immunity following an infection. The two key features of the adaptive immune response are thus, specificity and memory (Janeway et al., 2001). 
From our present study, we conclude that both the methanol/methylene chloride extract of O. affinis (MME) and its cyclotide-rich fraction (CRF) have appreciable immunomodulatory activity as evidenced by their effects on both specific and non-specific immunity. However, further studies are required to support these conclusions. The difference in the way these extracts affected cell stimulation or inhibition perhaps indicates their various mechanism of actions in the various components of the immune system and raises the need for further investigations in particular the possible action of the extracts in interfering with cell signalling and cytokines production.
Furthermore, the findings outlined above have demonstrated that both the methanol/methylene chloride extract of O. affinis (MME) and its cyclotide-rich fraction (CRF) have appreciable anti-inflammatory effects, suggestive of its possible therapeutic usefulness in the treatment of inflammatory states of the body and auto-immune disorders such as arthritis and other acute inflammatory conditions. However, its clinical margin of safety in long-term therapeutics has to be established along with its biopharmaceutical evaluation prior to further therapeutic consideration.
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APPENDIX I
EFFECT OF THE METHANOL/METHYLENE CHLORIDE EXTRACT (MME) ON THE MEAN PHAGOCYTIC INDEX
	TREATMENT GROUPS
	MEAN PHAGOCYTIC INDEX

	Negative control
	0.0687 ± 0.005

	MME 50mg/kg
	0.0622 ± 0.010 b

	MME 100mg/kg
	0.0586 ± 0.006 b

	MME 200mg/kg
	0.0416 ± 0.011 a, b

	NONI 100mg/kg
	0.1143 ± 0.014 a


Results are expressed as mean phagocytic index ± SEM; n=5.
 a p<0.05 compared to negative control; b p<0.05 compared to positive control (Noni).










APPENDIX II
EFFECT OF THE METHANOL/METHYLENE CHLORIDE EXTRACT (MME) ON THE MEAN BODY WEIGHT
	TREATMENT
	MEAN BODY WEIGHT OF ANIMALS (g)

	
	Day 0
	Day 3
	Day 6
	Day 9
	Day 12
	Day 15

	NEGATIVE CONTROL
	18.38±1.56
	20.38±1.54 (10.88%)
	21.22±1.64 (15.45%)
	22.40±1.70 (21.87%)
	22.84±1.81 (24.26%)
	23.36±1.90 (27.09%)

	MME 50mg/kg
	28.88±1.55
	28.58±1.71 (-1.03%) **
	29.10±1.78 (-0.76%) **
	28.64±1.59 (-0.83%) **
	29.14±1.51 (0.90%) **
	27.48±1.52 (-4.84%) **

	MME 100mg/kg
	27.88±1.28 
	27.78±1.55 (-0.36%) **
	29.16±1.37 (4.60%) **
	24.98±1.72 (-10.4%) **
	27.68±1.65 (-0.72%) **
	27.58±1.81 (-1.26%) **

	MME 200mg/kg
	23.74±1.52
	23.06±1.74 (-2.86%) **
	23.28±1.41 (-1.94%) **
	20.56±1.28 (-13.3%) **
	24.04±1.52 (1.26%) **
	24.14±1.53 (1.68%) **

	FOLINIC ACID 20mg/kg
	20.73±0.76
	22.95±0.63 (10.71%)
	23.62±0.70 (13.94%)
	24.35±0.65 (17.46%)
	24.63±0.53 (18.81%)
	25.80±0.54 (24.46%)


Results are expressed as mean weight ± SEM.; n=5. Percentage increase in body weight in reference to initial body weight on Day 0 is given in parenthesis. *P<0.05; **P<0.01 compared to control. 






APPENDIX III
EFFECT OF THE METHANOL/METHYLENE CHLORIDE EXTRACT (MME) ON TOTAL LEUCOCYTE COUNT (TLC)
	TREATMENT
	MEAN TOTAL LEUCOCYTE COUNT
	% INCREASE IN TLC

	
	DAY 0
	DAY 15
	

	Negative control
	3000 ± 0.05
	5333.33 ± 0.05
	78.57

	MME 50 mg/kg
	6650 ± 0.35
	7675 ± 0.48
	15.47 a, b

	MME 100mg/kg
	5666.67 ± 0.05
	6466.67 ± 0.07
	13.98 a, b

	MME 200 mg/kg
	3833.33 ± 0.04
	5200 ± 0.03
	37. 31 b

	FOLINIC ACID 20mg/kg
	3200 ± 0.03
	8960 ± 0.09
	188.00 a


Results are expressed as mean TLC ± SEM; a P<0.05 compared to negative control; b P<0.05 compared to positive control (Folinic acid); n=5.











APPENDIX IV
EFFECT OF THE METHANOL/METHYLENE CHLORIDE EXTRACT (MME) ON CARRAGEENAN-INDUCED PAW OEDEMA IN RATS
	TREATMENT
	PAW VOLUME (ml)

	
	0 h
	0.5h
	1h
	2h
	4h
	6h

	Negative control
	0.36±0.02
	0.46±0.02
	0.58±0.06
	0.78±0.06
	0.78±0.06
	0.82±0.06

	MME 50mg/kg
	0.36±0.02
	0.44±0.04 (20%)
	0.44±0.03* (63.64%)
	0.50±0.03*** (66.67%)
	0.54±0.04*** (57.14%)
	0.50±0.00*** (69.57%)

	MME 100mg/kg
	0.34±0.02
	0.44±0.02 (0%)
	0.46±0.02* (45.45%)
	0.46±0.02*** (71.43%)
	0.46±0.02*** (71.43%)
	0.44±0.02*** (78.26%)

	MME 200mg/kg
	0.36±0.02
	0.48±0.02 (-20%)
	0.52±0.02 (27.27%)
	0.6±0.05 (42.86%)
	0.54±0.02*** (57.14%)
	0.52±0.02*** (65.22%)

	PIROXICAM 50mg/kg
	0.36±0.02
	0.48±0.04 (-20%)
	0.40±0.03** (81.82%)
	0.36±0.02***
(100%)
	0.40±0.00*** (90.48%)
	0.38±0.02*** (95.65%)


Values are presented as mean ± SEM. Percentage inhibition given in parenthesis. *P<0.05; **P<0.01; ***P<0.001 compared to negative control.







APPENDIX V
EFFECT OF THE METHANOL/METHYLENE CHLORIDE EXTRACT (MME) ON FORMALDEHYDE-INDUCED CHRONIC ARTHRITIS IN RATS
	TREATMENT
	PAW VOLUME (ml)

	
	Day 0
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7
	Day 8
	Day 9
	Day 10

	NEG. CTRL.
	0.68±0.04
	1.76±0.04 
	2.08±0.06
	1.52±0.13
	1.84±0.12
	1.58±0.09
	1.70±0.11
	1.68±0.07
	1.38±0.08
	1.40±0.13
	1.42±0.12

	MME100mg/kg
	0.76±0.03
	1.48±0.06** (33.3)
	1.20±0.03*** (68.6)
	1.12±0.02 (57.1)
	1.28±0.07** (55.2)
	1.12±0.09** (60%)
	1.30±0.13* (47.1)
	1.30±0.19* (46%)
	1.04±0.15** (60%)
	0.96±0.11** (72.2)
	0.96±0.11*** (72.9)

	MME200mg/kg
	0.86±0.05
	1.50±0.04** (40.7)
	1.30±0.08** (68.6)
	1.14±0.09 (66.7)
	1.74±0.23 (24.1)
	1.76±0.22 (0%)
	1.92±0.14 (-3.9)
	1.68±0.14 (18%)
	1.28±0.10 (40%)
	1.16±0.07 (58.3)
	1.08±0.06** (70.3)

	MME400mg/kg
	0.82±0.02
	1.62±0.04 (25.9)
	1.20±0.05*** (72.9)
	1.06±0.05** (71.4)
	1.40±0.03* (50%)
	1.18±0.07** (60%)
	1.10±0.04** (72.5)
	1.08±0.04*** (74%)
	0.92±0.04*** (85.7)
	0.86±0.04*** (94.4)
	0.88±0.05 (91.9)

	Dexame-thasone 1mg/kg
	0.72±0.05
	1.24±0.08*** (51.9)
	1.04±0.05*** (77.1)
	0.94±0.05 (73.8)
	1.06±0.06*** (70.7)
	1.23±0.12* (47.2)
	1.35±0.13* (41.2)
	1.12±0.09** (62.5)
	0.95±0.05** (71.4)
	1.10±0.06* (51.4)
	0.93±0.05** (77.6)


Values are presented as mean ± SEM. Percentage inhibition given in parenthesis. *P<0.05; **P<0.01; ***P<0.001 compared to negative control.



APPENDIX VI
EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON THE MEAN PHAGOCYTIC INDEX
	TREATMENT
	MEAN PHAGOCYTIC INDEX

	NEGATIVE CONTROL
	0.0687 ± 0.005

	CRF 50mg/kg
	0.0215 ± 0.008 a, b

	CRF 100mg/kg
	0.0189 ± 0.012 a, b

	CRF 200mg/kg
	0.0201 ± 0.002 a, b

	NONI 100mg/kg
	0.1143 ± 0.014 a


Results are expressed as mean phagocytic index ± SEM; n=5.
 a P<0.05 compared to negative control; b P<0.05 compared to positive control (Noni).








APPENDIX VII
EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON THE MEAN BODY WEIGHT IN MICE
	TREATMENT
	MEAN BODY WEIGHT OF MICE (g)

	
	Day 0
	Day 3
	Day 6
	Day 9
	Day 12
	Day 15

	NEGATIVE CONTROL
	18.38±1.56
	20.38±1.54 (10.88%)
	21.22±1.64 (15.45%)
	22.40±1.70 (21.87%)
	22.84±1.81 (24.26%)
	23.36±1.90 (27.09%)

	CRF50mg/kg
	27.36±1.43
	28.63±1.45 (4.64%) *
	28.86±1.30 (5.48%) **
	25.22±0.94 (-7.82%) **
	26.46±0.78 (-3.29%) **
	28.20±0.88 (3.07%) **

	CRF100mg/kg
	18.13±1.70
	20.22±2.29 (11.52%)
	20.85±2.07 (15.00%)
	22.02±2.08 (21.46%)
	19.73±1.84 (8.83%) **
	23.52±2.16 (29.73%)

	CRF200mg/kg
	18.55±1.34
	18.86±1.55 (1.67%) **
	20.27±1.43 (9.27%) *
	20.78±1.59 (12.02%) *
	19.37±1.37 (4.42%) **
	21.72±1.64 (17.09%) *

	FOLINIC ACID 20mg/kg
	20.73±0.76
	22.95±0.63 (10.71%)
	23.62±0.70 (13.94%)
	24.35±0.65 (17.46%)
	24.63±0.53 (18.81%)
	25.80±0.54 (24.46%)


Results are expressed as mean weight ± SEM.; n=5. Percentage increase in body weight is given in parenthesis. * P<0.05, ** P<0.01 compared to control.






APPENDIX VIII
EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON TOTAL LEUCOCYTE COUNT (TLC)
	TREATMENT
	MEAN TOTAL LEUCOCYTE COUNT
	MEAN PERCENTAGE INCREASE IN TLC (%)

	
	DAY 0
	DAY 15
	

	NEGATIVE CONTROL
	3000 ± 0.05
	5333.33± 0.05
	78.57

	CRF 50mg/kg
	3290 ± 0.02
	8480 ± 0.45
	158.80

	CRF 100mg/kg
	3550 ± 0.05
	2950 ± 0.06
	-19.83 a, b

	CRF 200mg/kg
	4020 ± 0.03
	2840 ± 0.03
	-28.74 a, b

	FOLINIC ACID 20mg/kg
	3200 ± 0.03	
	8960 ± 0.09
	188.00 a


Results are expressed as mean TLC ± SEM; n=5.  a P<0.05 compared to negative control; b P<0.05 compared to positive control (folinic acid).





APPENDIX IX
EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON DTHR IN MICE
	TREATMENT GROUPS
	DTHR (µm)

	Negative control 
	0.78 ± 0.17

	CRF 100mg/kg
	0.622 ± 0.07

	CRF 200mg/kg
	0.6875 ± 0.09

	Noni 100mg/kg
	0.998 ± 0.05 *


Results are expressed as mean ± SEM; n=5, *P<0.05. 
















APPENDIX X
EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON THE HAEMAGGLUTINATION TITRE
	TREATMENT GROUPS
	HAEMAGGLUTINATION ANTIBODY TITRE

	Negative control 
	1.0 ±0.55

	CRF 100mg/kg
	3.6 ± 0.24***

	CRF 200mg/kg
	4.2 ± 0.37***

	Noni 100mg/kg
	4.2 ± 0.37***


Results are presented as mean ± SEM; Antibody titres are calculated as log2 of the highest dilution showing visible agglutination; n=5;*** P<0.001.











APPENDIX XI
EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON OVA-SPECIFIC IGG1 ANTIBODY TITRE
	TREATMENT
	OVA-SPECIFIC IgG1 PRY ANTIBODY TITRE
	OVA-SPECIFIC IgG1 SEC ANTIBODY TITRE

	Naive
	0.184 ± 0.005
	0.196 ± 0.007

	Negative control
	0.206 ± 0.009
	0.228 ± 0.010

	CRF 50mg/kg
	0.278 ± 0.033
	0.327 ± 0.014

	CRF 100mg/kg
	0.317 ± 0.007
	0.366 ± 0.020 *

	CRF 200mg/kg
	0.423 ± 0.039 *
	0.604 ± 0.034 *

	Noni 100mg/kg
	0.467 ± 0.032 *
	0.653 ± 0.039 *


Titre values are presented as mean ± SEM; n=5. * P<0.05 compared to negative control. 






APPENDIX XII
EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON OVA-SPECIFIC IGG2A ANTIBODY TITRE
	TREATMENT
	OVA-SPECIFIC IgG2a PRY ANTIBODY TITRE
	OVA-SPECIFIC IgG2a SEC ANTIBODY TITRE

	Naive
	0.183 ± 0.009
	0.197 ± 0.013

	Negative control
	0.192 ± 0.005
	0.227 ± 0.004

	CRF 50mg/kg
	0.262 ± 0.029
	0.347 ± 0.020

	CRF 100mg/kg
	0.316 ± 0.006 *
	0.481 ± 0.082 *

	CRF 200mg/kg
	0.434 ± 0.021 *
	0.685 ± 0.022 *

	Noni 100mg/kg
	0.594 ± 0.027 *
	0.811 ± 0.035 *


Titre values are presented as mean ± SEM; n=5. * P<0.05 compared to negative control. 






APPENDIX XIII
EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON TT-SPECIFIC IGG1 ANTIBODY TITRE
	TREATMENT
	TT-SPECIFIC IgG1 PRY ANTIBODY TITRE
	TT-SPECIFIC IgG1 SEC ANTIBODY TITRE

	Naive	
	0.159 ± 0.004
	0.163 ± 0.012

	Negative control
	0.218 ± 0.006
	0.224 ± 0.009

	CRF 50mg/kg
	0.222 ± 0.011
	0.316 ± 0.018

	CRF 100mg/kg
	0.294 ± 0.054
	0.406 ± 0.004 *

	CRF 200mg/kg
	0.362 ± 0.005 *
	0.627 ± 0.013 *

	Noni 100mg/kg
	0.483 ± 0.024 *
	0.815 ± 0.053 *


Titre values are presented as mean ± SEM; n=5. * P<0.05 compared to negative control. 






APPENDIX XIV
EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON TT-SPECIFIC IGG2A ANTIBODY TITRE
	TREATMENT
	TT-SPECIFIC IgG2a PRY ANTIBODY TITRE
	TT-SPECIFIC IgG2a SEC ANTIBODY TITRE

	Naïve
	0.167 ± 0.008
	0.167 ± 0.008

	Negative control
	0.171 ± 0.006
	0.201 ± 0.007

	CRF 50mg/kg
	0.262 ± 0.039
	0.358 ± 0.013

	CRF 100mg/kg
	0.281 ± 0.016
	0.443 ± 0.011 *

	CRF 200mg/kg
	0.415 ± 0.013 *
	0.588 ± 0.004 *

	Noni 100mg/kg
	0.503 ± 0.018 *
	0.737 ± 0.026 *


Titre values are presented as mean ± SEM; n=5. * P<0.05 compared to negative control. 






APPENDIX XV
EFFECT OF THE CYCLOTIDE-RICH FRACTION (CRF) ON CARRAGEENAN-INDUCED PAW OEDEMA IN RATS
	TREATMENT
	PAW VOLUME (ml)

	
	0 h
	0.5h
	1h
	2h
	4h
	6h

	Negative control
	0.36±0.02
	0.46±0.02
	0.58±0.06
	0.78±0.06
	0.78±0.06
	0.82±0.06

	CRF 100mg/kg
	0.30±0.00
	0.50±0.03 (-100%)
	0.52±0.04 (0%)
	0.54±0.07** (42.86%)
	0.70±0.04 (4.76%)
	0.60±0.04*** (34.78%)

	CRF 200mg/kg
	0.30±0.04
	0.46±0.02 (-60%)
	0.54±0.04
(-9.09%)
	0.58±0.05** (33.33%)
	0.56±0.04*** (38.1%)
	0.58±0.04*** (39.13%)

	PIROXICAM 50mg/kg
	0.36±0.02
	0.48±0.04 (-20%)
	0.40±0.03** (81.82%)
	0.36±0.02***
(100%)
	0.40±0.00*** (90%)
	0.38±0.02*** (95.65%)


Values are presented as mean ± SEM; n=5; Percentage inhibition given in parenthesis. *P<0.05; **P<0.01; ***P<0.001 compared to control.








APPENDIX XVI
EFFECT OF THE CYCLOTIDE–RICH FRACTION (CRF) ON FORMALDEHYDE-INDUCED CHRONIC ARTHRITIS IN RATS
	TREATMENT
	PAW VOLUME (ml)

	
	Day 0
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7
	Day 8
	Day 9
	Day 10

	NEG. CTRL.
	0.68±0.04
	1.76±0.04 
	2.08±0.06
	1.52±0.13
	1.84±0.12
	1.58±0.09
	1.70±0.11
	1.68±0.07
	1.38±0.08
	1.40±0.13
	1.42±0.12

	CRF100mg/kg
	0.80±0.04
	1.42±0.08*** (42.6)
	1.16±0.03*** (74.3)
	1.08±0.05 (66.7)
	1.38±0.07** (50%)
	1.08±0.07** (68.9)
	1.10±0.05** (70.6)
	1.22±0.13* (58%)
	0.98±0.08** (74.3)
	0.94±0.10** (80.6)
	0.94±0.10*** 81.1)

	CRF200mg/kg
	0.64±0.03
	1.06±0.04*** (61.1)
	0.98±0.02*** (75.7)
	0.96±0.04 (61.9)
	1.26±0.06** (46.6)
	1.06±0.06** (53.3)
	1.18±0.09** (47.1)
	1.20±0.11** (44%)
	0.92±0.04*** (60%)
	0.68±0.04*** (94.4)
	0.68±0.04*** (94.5)

	CRF400mg/kg
	0.82±0.04
	1.14±0.07*** (70.4)
	1.02±0.04*** (85.7)
	0.96±0.05 (83.3)
	1.20±0.07*** (67.3)
	1.30±0.07 (37.8)
	1.40±0.15 (43.1)
	1.32±0.13*  (50)
	1.12±0.05* (57.1)
	0.92±0.05*** (86.1)
	0.92±0.05*** (86.5)

	DEXA 1mg/kg
	0.72±0.05
	1.24±0.08*** (51.9)
	1.04±0.05*** (77.1)
	0.94±0.05 (73.8)
	1.06±0.06*** (70.7)
	1.23±0.12* (47.2)
	1.35±0.13* (41.2)
	1.12±0.09** (62.5)
	0.95±0.05** (71.4)
	1.10±0.06* (51.4)
	0.93±0.05** (77.6)


Values are presented as mean ± SEM; n=5; Percentage inhibition given in parenthesis. *P<0.05; **P<0.01; ***P<0.001 compared to negative control.

MME 50mg/kg	0	0.5	1	2	4	6	0	20	63.64	66.669999999999987	57.14	69.569999999999993	MME 100mg/kg	0	0.5	1	2	4	6	0	0	45.449999999999996	71.430000000000007	71.430000000000007	78.260000000000005	MME 200mg/kg	0	0.5	1	2	4	6	0	-20	27.27	42.86	57.14	65.22	PIROXICAM 50mg/kg	0	0.5	1	2	4	6	0	-20	81.819999999999993	100	90.48	95.649999999999991	TIME(h)

MEAN INHIBITION OF  PAW OEDEMA (%)


MME 100mg/kg	0	1	2	3	4	5	6	7	8	9	10	0	33.333333333333329	68.571428571428342	57.142857142857132	55.172413793103459	60	47.058823529411754	46	60	72.222222222222229	72.972972972972755	MME 200mg/kg	0	1	2	3	4	5	6	7	8	9	10	0	40.740740740740762	68.571428571428342	66.666666666666657	24.137931034482836	0	-3.9215686274509838	18.000000000000004	40.000000000000007	58.333333333333336	70.270270270270274	MME 400mg/kg	0	1	2	3	4	5	6	7	8	9	10	0	25.925925925925881	72.857142857142819	71.428571428571388	50.000000000000021	60	72.549019607843391	74	85.714285714285722	94.444444444444628	91.891891891891888	DEXA 1mg/kg	0	1	2	3	4	5	6	7	8	9	10	0	51.851851851851741	77.142857142856784	73.80952380952381	70.689655172413495	47.222222222222328	41.176470588235297	62.5	71.428571428571388	51.388888888888893	66.216216216216225	DAYS

MEAN INHIBITION OF PAW OEDEMA (%)



NEG CTRL	0	3	6	9	12	15	0	10.88	15.450000000000006	21.87	24.259999999999987	27.09	CRF 50 mg/kg	0	3	6	9	12	15	0	4.6399999999999997	5.48	-7.8199999999999985	-3.29	3.07	CRF 100 mg/kg	0	3	6	9	12	15	0	11.52	15	21.459999999999987	8.83	29.73	CRF 200 mg/kg	0	3	6	9	12	15	0	1.6700000000000013	9.27	12.02	4.42	17.09	Folinic Acid 20 mg/kg	0	3	6	9	12	15	0	10.71	13.94	17.459999999999987	18.809999999999999	24.459999999999987	DAYS

MEAN PERCENTAGE INCREASE IN BODY WEIGHT (%)


CRF 100 mg/kg	0	0.5	1	2	4	6	0	-100	0	42.86	4.76	34.78	CRF 200 mg/kg	0	0.5	1	2	4	6	0	-60	-9.09	33.33	38.1	39.130000000000003	PIROXICAM 50 mg/kg	0	0.5	1	2	4	6	0	-20	81.819999999999993	100	90	95.649999999999991	TIME (h)

MEAN INHIBITION IN PAW ODEMA (%)


CRF100	0	1	2	3	4	5	6	7	8	9	10	0	42.6	74.3	66.7	50	68.900000000000006	70.599999999999994	58	74.3	80.599999999999994	81.099999999999994	CRF200	0	1	2	3	4	5	6	7	8	9	10	0	61.1	75.7	61.9	46.6	53.3	47.1	44	60	94.4	94.5	CRF400	0	1	2	3	4	5	6	7	8	9	10	0	70.400000000000006	85.7	83.3	67.3	37.800000000000004	43.1	50	57.1	86.1	86.5	DEXA 1mg/kg	0	1	2	3	4	5	6	7	8	9	10	0	51.9	77.099999999999994	73.8	70.7	47.2	41.2	62.5	71.400000000000006	51.4	77.599999999999994	DAYS

MEAN INHIBITION IN PAW OEDEMA (%)


NEGATIVE CONTROL	0	3	6	9	12	15	0	10.88	15.450000000000006	21.87	24.259999999999987	27.09	MME 50 mg/kg	0	3	6	9	12	15	0	-1.03	-0.76000000000000079	-0.83000000000000063	0.9	-4.84	MME 100 mg/kg	0	3	6	9	12	15	0	-0.36000000000000032	4.5999999999999996	-10.4	-0.72000000000000064	-1.26	MME 200 mg/kg	0	3	6	9	12	15	0	-2.86	-1.9400000000000008	-13.3	1.26	1.6800000000000013	FOLINIC ACID 20 mg/kg	0	3	6	9	12	15	0	10.71	13.94	17.459999999999987	18.809999999999999	24.459999999999987	DAYS
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