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INTRODUCTION 

Cancer cells bear an indefinite proliferative capacity, being able to elude the commitment to 

terminal differentiation and postmitotic quiescence that normally regulate tissue homeostasis in 

an organism. A cancer may require, in multiple steps, as many as ten or more mutations to 

develop its full devastating malignant character (Weber, 2002). During this progression of 

cancer, sequential mutations result in changes in growth structure, hormone dependence, enzyme 

and cytokine production and expression of surface antigens. 

Several authors demonstrated the presence of antigenic determinants on the tumor cell surface or 

the tumor associated antigens (T AAs), which can induce immunological response involving 

several arms of host's immune system (Folly, 1953; Prehn and Main, 1957; Brawn, 1970; 

Coggin and Anderson, 1974; Alexander, 1975). Several other types of antigens have also been 

detected on tumors, including organ-specific, histocompatibility, oncofetal, and tumor specific 

antigens. Involvement of macrophages in tumor immunity has been observed by several authors 

(Hibbs et. a/, 1972; Evans, 1976; Horwitz et. a!, 1979; Talibaue et. a!, 1979; Krishnan and 

Orwell, 1979; Evans and Lawler, 1980). Some of the cytolytic or cytostatic affects of 

macrophages on tumor cells involve cell contact or the secretion of various cytotoxic substances 

or both, and phagocytosis may also play an important role. Activated macrophages release a 

wide variety of cytokines such as IL-l and TNF (Old, 1985; Matsushima et. a/. , 1985), having 

pleiotropic effects ( Mace et. a/. , 1988) and also exhibit profound effects on tumor. TNF 

produced by activated macrophages can account for all the classical tumoricidal effects against 

some tumors in vitro. Activated macrophages synthesize nitric oxides from L- arginine, and 

these reactive nitrogen intermediates also appear to be important mediators of killing of tumor 

cells (Hibbs, et. a!, 1987, Gladwin et. a!, 2004). Macrophages from tumor bearing host also 

suppress autoreactive T cell proliferation by producing suppressor molecules prostaglandins 

(Alleva, et.al. 1994). 

Hellstrom and co-workers have shown that tumor bearing host often possesses lymphocytes 

which are cytotoxic to its tumor cells in vitro and this number also declined in hosts having 

progressive tumors (Hellstrom and Hellstrom, 1969; Hellstrom et. a/, 1971; Russell et. a/, 1976; 



Vose et.al, 1977; Vose, 1980). The cytotoxic cells generated in vitro or in vivo against 

experimental tumor cells were always found to_be Thy-!+ or T lymphocytes (Fredman 1972; 

Cerottini and Bruner, 1974; Wybran et a!, 1974; Ting, 1976; McClusky and Bhar, 1977; 

Weistein and Okan, 1980; Vose, 1980; Green, 1981; Kedar and Weiss, 1981 ). At the same time 

NK cells do also have the ability to express cell mediated cytotoxic activity in a non-MHC 

restricted way, against a wide variety of infected cells and tumor cells (Lala et. a/, 1985). Besides 

stimulating the cytolytic function, activation ofNK cell induces production of interferon (IFN-y), 

granulocyte macrophage colony stimulating factors (GM-CSFs), tumor necrosis factor (TNF-a), 

IL-8 and other cytokines. 

lnspite of having a well organized immune system in higher vertebrates; malignant cells often 

evade immune surveillance as tumor associated antigens are found be antigenically very poor. 

Cancer cells are genetically and phenotypically less stable than normal cells and can rapidly 

change to escape immune destruction. Tumor cells may express mutant proteins that are tumor 

specific, but these mutant proteins may not serve as antigen. Antigenically poor tumor cells 

cause weak stimulation that produce incomplete or partial stimulation of TCR mediated T cell 

activation and thus these non-immunogenic type tumors grow progressively causing death to the 

host. Antibodies secreted against TAA often mask the antigens and deprive T cells from being 

activated against target cells or from recognizing target cells for destruction (Mansson, 1991 ). 

This antibody masking explains one of the mechanisms by which tumor cells escape immune 

surveillance mechanism despite the humoral immune response. 

The similarity in several antigens between tumor cells and normal cells, (i.e. T AA might 

resemble an autologous major histocompatibilty complex (MHC) coded product) and the fact 

that tumor cells are normally masked by a sialomucinous glycocalyx, so that the immune system 

of the host is normally not sensitized against the antigens, suggest that_ most tumors are not 

strongly immunogenic and so remains· the risks of malignancy. Thus, the possibility of activation 

of immunity to malignancies by immunization with tumor cells was not favored. The higher rate 

of mutation of tumor cells (Weber, 2002) which circumvent ongoing immune responses and the 

finding that many tumors down-regulate MHC antigens and make poor target for cytotoxic cells 

and also, are able to avoid the immune response by releasing certain suppressing factors which 
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can even suppress macrophage mediated cytotoxicity (Cameron, 1983), makes cancer altogether 

difficult, to treat. 

Surgery is the most frequent primary treatment for cancer. Surgery and anesthesia are associated 
) 

with transient suppression of the cellular immune system correlating with degree of tissue trauma 

(Cole & Humphrey, 1985). Radiation therapy is also suppressive for the cellular immune system 

and even induces losses of CD4 T cells which do not recover over months of observation (Ehrke 

et.al, 1996). Chemotherapy, particularly multi-drug chemotherapy, as employed in many 

cancers, is generally accepted to be not only myelosuppressive but immunosuppressive as well. 

Added support in this area has also come from organ transplant patients maintained in high dose 

of immunosuppressive drugs, who were found to be more prone to develop neoplasms than the 

normal population (Faanes et.al, 1980). 

Advances in tumor immunology have directed emphasis toward T -cell mediated cytotoxicity 

and DTH type of reaction as critical mechanisms of host resistance to cancer (Oliver and Nouri, 

1991; Roth et. al, 1994; Boon et. al, 1994; Toes et. al, 1994; Van et al, 1995; Wang, 

Rosenberg, 1999) Failure to effectively activate T-cells may result from defective antigen 

processing and presentation by antigen presenting cells (Wagner, 1973; Wagner and 

Rollinghoff, 1976, 1978; Waterfield, Waterfield and Moller, 1976) . Thus, the interaction of the 

host's immune system with the tumor provides a spectrum of factors potentiall{' contributing to 

impairment ofT lymphocyte and monocyte reactivity, and the abrogation, not only of specific 

responses to tumor antigens, but also cellular immunity in general. Thus, the interaction 

between the tumor and the immune response represents a severe local and mild to moderate 

generalized cellular immune deficiency which, if corrected, might favour tumor eradication or 

at least inhibition of tumor progression (Penn, 1994, 1995; Hadden, 2003). 

One immediate goal of research in- cancer immunology is the development of methods to 

harness and enhance the body's natural tendency to defend against malignant tumors. 

Immunotherapy represents a new and powerful weapon in the arsenal of anticancer treatment; it 

offers the tantalizing possibility of a fourth modality for the treatment of cancer, in addition to 

surgery, chemotherapy and radiotherapy. Immunotherapy implies immunologic manipulation 

of the host such that the host can mount both cellular and humoral attacks against the cancer 
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(Ray, 1982; Lotze and Finn, 1990; Old, 1996; Mitchell, 2003). It strengthens the overall . . 

activity of the immune system including those elements most able to combat cancers. T cells 

are considered to be more effective to combat tumor growth than other different cell types; 

therefore stimulation ofT cells is likely to inhibit the tumor growth in a much effective way. At 

the same time in v·iew of heterogeneous nature of tumor antigens, stimulation of several clones 

ofT cells rather than a specific clone would be more fruitful. Polyclonal activating agents like 

Con A or PHA, which can generate large pool of activated T cells, both in vitro and in vivo 

were found to be effectively generating cytotoxic T cells against malignant cells with diverse 

array ofTAAs (Heininger et. al, 1976; Waterfield & Waterfield, 1976; Waterfield, et. al, 1981; 

Chaudhury & Chakravarty 1983). Chakravarty and Maitra (1983, 1990), also demonstrated that 
' 

the tumor induced angiogenesis in the anterior eye chamber of mice and growth of chemically 

induced fibrosarcoma can be inhibited in the presence oflymphocyte activated with Con A. 

Cytokines may prove more valuable in combination with one another or with other treatments 

in curbing malignancy. IL-2, found to be immunostimulant in cancer patients (Rosenberg, 

et.a/.1993, Rosenberg, 1986) is a useful component of combination immunotherapy, such as 

with melanoma peptide vaccines; or with interferone-n-2b (r!FN-a), as a dual. combination or 

part of biochemotherapy regimen (Mitchell, 2003). IL-2 therapy 'though promising ( Lotze et. 

al, 1985) has its own limitation as high dose IL-2 therapy is seen to cause many systemic side 

effects in human (Margolin et.al, 1989; Krage! et. al, 1990). However IL-2 infusions in vivo 

leads to generation oflymphokine activated killer (LAK) cells, which can lyse a wide variety of 

fresh, NK resistant tumor cells (Rosenstein et.al. 1984) and freshly isolated autologous and 

allogenic tumor cells. With the expectations to get better results, the use of lymphokine 

activated killer (LAK) cells to combat malignancy has been extensively studied in both mouse 

and human models (Lotze, et al., 1981; Grimm et.al., 1982a, 1982b, 1982c; Rosenberg et.al., 

1993). LAK cell therapy also mediates the regression of established metastasis from a variety 

of immunogenic and non immunogenic tumors in tumor ·bearing animals (Mule et.al., 1985, 

Salup and Wiltrout, 1986) and man (Rosenberg et.al., 1986, 1993). Although LAK cell therapy 

seemed promising and effective in tumor regression, generation and isolation of LAK cells is 

cumbersome. Adoptive immunotherapy with tumor infiltrating lymphocytes (T!Ls) is gaining 

much attention as these are believed to be 50 to I 00 times more potent than LAK cells to be 

used for immunotherapy (Rosenberg et.al, 1986). Das · (1997) also showed that adoptive 
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transfer of activated TILs in mice bearing palpable tumors, causes 37.5% of the mice free of 

tumors, and in the remaining mice, rate of tumor development was slower and their life span 

increased. 

Immunomodulatory agents including plant products can activate the immunological 

responsiveness of an organism directly at cell level or by inducing production of mediators 

' (Upadhyay, 1997). Dahanukar and his co-workers have reported that the extracts from plants 

like Tinospora cordifolia, Asparagus racemosus and Withania somnifera, provide protection 
! 

against bacterial infections in mice by specifically stimulating macrophages for enhanced 

phagoctic activity and intracellular killing ability. Methanol and chloroform extracts from the 

roots of Ancistroc/adus tectorius were not only found to be .antibacterial against eleven species 

but also anti-viral (HSV-type) and the extracts were able to enhance cytotoxicity (ADCC) of 

antibody opsonized sheep red blood cells. Alcoholic extract of the fruits of the plant Piper 

longum and its component piperine were found to stimulate the hemopoietic system of mice 

and also showed an increase in bone marrow cellularity and a-estarase positive cells indicating 

its effect on stem cell proliferation. This extract caused increase in antibody forming cells and 

circulating antibody titre (Kuttan, Sunila, 2004). Azadirachta indica (neem) activates the 

immune system non-specifically which responds more dynamically to subsequent mitogenic 

and antigenic challenge. It primarily activates macrophages and expression ofMHC-11 antigens 

on them indicating efficient antigen-presentation. Mice splenocytes treated in vitro with neem 

extract produce IL-2, IFN-y and TNF-a indicating activation ofT HI type of cells (Upadhyay, et. 

a/, 1999). Aqueous extract of Albezzia lebbeck stimulates lgG production in mice (Barua et. a/, 

2000). 

Plants derived compounds have also been an important source of several clinically anti-cancer 

agents. Vegetables, fruits, whole grains, herbs, nuts and seeds contain an abundance of phenolic 

compounds, terpenoids, sulphur compounds, pigments, and other natural antioxidants and have 

been associated with protection from and treatment of cardiovascular diseases and cancer 

(Cragg & Newman, 2005). Watery extracts of Phyllanthus embilica has been found to enhance 

natural killer cell activity and antibody dependent cellular cytotoxicity. (ADCC) in syngeneic 

BALB/c mice, bearing Dalton's lymphoma ascites (DLA) tumor. Green tea has also been found 

to enhance the humoral and cellular mediated immunity and decreasing the risk of certain 
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cancers (Dureja, Kaushik and Kumar, 2003). Ginseng (Panax ginseng) enhances production of 

macrophages, B and T cells, NK cells and colony-forming activity of bone marrow ( Klein et. 

a/, 2000). Alcoholic extract of Piper longum fruits was found to be toxic to Dalton's lymphoma 

ascites (DIA) cells and to Ehlrich ascites carcinoma (EAC) cells. Administration of this extract 

was also found to inhibit solid tumor development and increase the life span of tumor bearing 

mice (Sunila and Kuttan, 2004). 

Among the various plant derived compounds rhizome of turmeric is most extensively used as a 

spice for its color, taste and flavor and also for its medicinal properties. The colouring principle 

of turmeric was isolated in the 19th century and was named curcumin after the plant, Curcuma 

tonga Linn. from which it was extracted. The traditional uses of turmeric in folk medicines are 

multiple and many of these therapeutic effects have been confirmed by contemporary scientific 

research. Reasonably good number of papers suggest its broad spectrum of effects, including 

anti-tumor, anti-mutagenic, anti-carcinogenic, anti-inflammatory, antioxidant anti-bacterial, 

anti-viral and many other properties.[ Literature review on different biological activities of 

curcumin have been cited, p. 12-20] 

Research works that have been carried out with turmeric and curcumin till date are mostly to 

show its inhibitory property towards tumor growth, carcinogens, mutagens, viruses etc. Its effect 

on immunocompetent cells has not been looked into detail. The present investigation elucidates 

the effect of ethanolic turmeric extract (ETE) both on lymphocytes vis-a-vis tumor cells in viv~ 

and in vitro to assess the effective dose of ETE, antibody mediated response during primary and 

secondary immune response, activation of lymphocytes in terms of blastogenesis and DNA 

synthesis, cell cycle study by Flourescence Activated Cell Sorter (FACS) to assess the 

proliferation of cells in activation and apoptosis, morphological changes through electron 

microscopy, cytotoxic functions of lymphocytes towards tumor cells and the growth of tumor. 

Changes in leukocyte and CD4+ helper T cell counts and TNF-a regulation during delayed type. 

hypersensitivity and also the biochemical estimation of free radical generation (superoxide ion, 

hydroxyl radical, hydrogen peroxide and nitric oxide), were taken into consideration. Efforts 

have also been m·ade to elute out the active fractions present in the ethanolic turmeric extract. 
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Firstly, in vitro survivality.assay of both lymphocytes and tumor cells have been carried to assess 

the effective dose ofETE. 

Secondly the kinetics of the primary and secondary response of mice injected with ethanolic 

turmeric extract (ETE) were investigated in terms of antibody-secreting cells by plaque forming 

cell (PFC) assay, Haemagglutination assay, Haemagglutination reaction in presence of 2-

merceptoethanol (ME) and Immunoglobulin G (lgG) estimation by ELISA. Sheep red blood 

cells (SRBCs ) was used as antigen. Simultaneously the count for B and T lymphocytes and 

macrophages from the spleen of turmeric treated and control animals were taken into 

consideration, which will help to judge whether the treatment leads to increment in the cell 

number in vivo in course of heightened immune response with the ETE treatment during 

prim(lry and secondary response. 

Degree of activation and proliferation of lymphocytes treated with ETE was analyzed in terms of 

blastogenesis (blastoid transformation) of Rand T lymphocytes and DNA synthesis'through 3H

- thymidine incorporation. 

Upon activation lymphocytes are programmed into cell cycle progression which can easily be 

judged through FACS analyses. FACS in addition to the measurement of DNA content per cell 

can also analyze the percentage of cells in a given population at different stages of mitotic cycle. 

Cells arrested in mitotic pathway may proceed towards apoptosis; this can also be analyzed by 

FACS (Hartwell et. a!, 1994; Qin et. a!, 2004). That is why effect ofETE on lymphocytes and 

tumor cells during cell cycle progression has been studied with FACS. 

If ETE treatment leads to activation or apoptosis of a cell type, then that will definitely be 

reflected on their cellular morphology. The visual image of the cell surface and internal milieU: of 

the ETE treated lymphocytes as well as tumor cells, were obtained through scanning electron 

microscopy and transmission electron microscopy. 

The cellular arms of immune system play a key role in antitumor immunity. Cytotoxic T 

lymphocytes (CTLs) are leading candidate in most cases of tumor rejection, their generation is 

augmented during the rejection and cytotoxic activity against tumor target cells in vitro. We have 
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followed the cell mediated immune response in the first step by estimating the number of 

conjugates formed between effector lymphocytes and tumor target cells and subsequent viability 

of tumor cells. Then the cytotoxic activity of CTL was judged by 51Cr- release assay after ETE 

treatment. 

The enhancement or potentiation of host defense mechanism has been recognized as a possible 

means of inhibiting tumor growth without harming the host. Several laboratories have shown 

that stimulation of the reticuloendothelial system of host with certain non-specific agents like 

BCG (Mathe et. a/, I972) and other killed microorganisms (Milas, Gutterman & Basic, I974; 

Purnell, Kreider & Bartlett, I975; Ray, Cooper & Mark I979) restrict the growth of malignant 

tumor. T cell-mediated immune response is considered the effector mechanism in rejection of 

grafts including neo-antigen-bearing malignant cells (Cerottini & Bruner, I978; Green I98I). 

Concanavalin A, a polyclonal T cell stimulator, was found to activate the murine T cells, both 

in vitro and in vivo driving the cells all the way to cytotoxic killer cells against targets of H-2 

nonidentity and tumor cells (Waterfield & Waterfield I 976; Chakravarty & Clark, I 977; 

· Chakravarty & Maitra, I983, I990). Thus, with an hope whether turmeric can activate the 

immune system and restrict solid as well as ascitic tumor growth, it was administered 

intravenously as well as orally to the tumor bearing mice. 

Inflammation considered as a critical component of tumor progression and the tumor 

environment, which is largely .orchestrated by inflammatory cells, is an indispensable participant 

in the neoplastic process, fostering tumor growth, stimulates angiogenesis, induces fibroblast 

migration and maturation, and enables metastatic spread via engagement with either the venous 

or the lymphatic networks. ( Coussens & Werb, 2002) And thus anti-inflammatory therapy is 

suggested to be efficacious towards early neoplastic progression and malignant conversion. 

Several workers investigated the anti~inflammatory property of turmeric through various 

inflammatory models such as cotton pellet test, granuloma pouch test, or by looking into various 

cyclo-oxygenase and lipo-oxygenase pathways (Srimal & Dhawan, 1973; Srivastava & Srimal, 

1985;Huang et. al, I99I; Goel , Boland, Chauhan, 200I). Here to judge the anti-inflammatory 

property of ETE, the rate of reduction in DTH induration from the first day of resensitization till 
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it subsides was taken into consideration. Delayed type hypersensitivity (DTH) reaction was 

induced in mice with 2,4 dinitro flurobenzene. 

In response to tissue injury during inflammation, a multifactorial network of chemical signals 

initiates and maintains a host response designed to heal the afflicted tissue (Marx, 2004). This 

involves activation and directed migration of leukocytes (neutrophils, monocytes and 

eosinophils, as well as lymphocytes) from the venous system to the sites of damage. Differential 

counts of leukocytes from the inflammation site of the DTH mice have also been taken into 

account to understand the effect of turmeric on the cells responsible for DTH reaction. 

The analysis of cell surface markers eventually indicated that the cells responsible for DTH are 

indeed CD4+ T cells and of although sometimes T c cells are also involved in DTH response 

(Black 2000). Activation of pre-sensitized T DTH cells by antigens on appropriate antigen 

presenting cell (APC) results in secretion of various cytokines, including IL-2, TNF-u, MIF and 

also TNF-p. The overall effects of these cytokines were to draw the macrophages into the area 

and activate them to promote increased phagocytic activity and increased concentration of lytic 

enzymes· for more effective killing, and secretion. of cytokines. CD4+ helper T cells produce 

many of these cytokines and stimulate the differentiation of CD8+ T lymphocytes. The 

dominating role of CD4+ cells during DTH response demands the estimation of the cells in 

course of the reaction: The separation of the CD4+ T cells from mice treated with ETE was 

carried out with the help of Magnetic Assorted Cell Sorter (MACS) for their estimation during 

the DTH reaction. 

Tumor necrosis factor (TNF) play important roles in the immune system and are involved in the . . 

immune regulation such as lymphoid cell development, activation, cell proliferation, and even 

death. The pleiotropic cytokine TNF-u (Mace et a/., 1988; Torisu et. a/, 2000) produced by 

macrophages, neutrophils, activatedT cells, and smooth-muscles cells, induces the production of 

IL-l p, and, together, they play significant role~ in many acute and chronic inflammatory 

diseases (Wahl & Kleinman, 1998; Kuper, Adami, Trichopoulos, 2000). TNF-a has been 

implicated in the pathogenesis of intracellular parasitic infections, artherosclerosis and 

autoimmune disorders and also an important regulator of T HI immune response. The 

proinflammatory cytokine TNF-u is important in early events in tumors, regulating a cascade of 
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cytokines, chemokines, adhesions, and pro-angiogenic activities ( Rossi & Zlotnik, 2002; 

Balkwill & Mantovani, 2001; Dvorak, 2002).Thus, TNF-a level in serum of the DTH mice with 

ETE treatment was estimated through ELISA. 

Generation of free radicals by univalent reduction of 0 2 is fundamental to any .biochemical 

process and represents an essential part of the cellular metabolism (Bandyopadhyay, Das, 

Banerjee, 1999). There is a dynamic balance between the amount of free radicals generated in 

the body and cellular antioxidants to quench them and protect the body against their deleterious 

effects (Tiwari, 2001 ). So, any additional burden of free radicals can tip the pro-oxidant and anti

oxidant balance leading to oxidative stress which certainly has negative cytopathologic 

consequences (MacNee, Rahman, 1999; Rahaman, et. a!, 2000). The unregulated and prolonged 

production of reactive oxygen species (ROS) in the form of superoxide (02"), hydrogen peroxide 

(H20 2 ) and hydroxyl radical (Off") during the metabolism of certain chemical carcinogens has 

been linked to mutation (oxidant-induced DNA damage), as well as modification of gene 

expression such as c-jun, c-fos etc. (Simonian & Coyle, 1996; Chandel, et.al, 2000; Vafa, et. a!.,, 

2001; Klaunig & Kamendulis, 2004). ROS induce cell proliferation during the tumor promotion 

stage of carcinogenesis. Cellular receptors for· growth modulator molecules are also affected by 

reactive oxygen species. The oxidizing molecule binds and activates epidermal and platelate 

derived growth factors and can .activate downstream signaling cascade, which may contribute to 

carcinogenesis (Haddad, 2004). In the signaling pathways, oxidants mostly affect mitogen

activated protein (MAP) kinases/AP-1 and NF-KB (Haddad, 2002). The major pathways for cell 

signaling, which involve protein phosphorylation and redox dynamic fluctuations, may have a 

colossal impact on cellular functions ranging from proliferation and differentiation to regulation 

· of cell cycle events, apoptosis and under extreme conditions, necrosis (Haddad, Olver and Land, 

2000; Thannekal and Fanburg, 2002). Oxygen species therefore are important determinants of 

redox state and can interfere with the cells homeostasis and may lead to various pathophysiologic 

conditions. 

Natural phenolic antioxidants from medicinal or edible plants have recently received much 

attention as promising agents for reducing the deleterious effects of oxidative stress-induced 

diseases (Tiwari, 200 I; Naik, 2003). Curcumin present in turmeric is an active phenolic 
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compound and scavenge superoxide anions (Kunchandy and Rao, 1989; Kunchandy & Rao, 

1990). Its antioxidant property has further been shown by its capacity to inhibit lipid 

peroxidation in rat brain homogenate (Rajakumar & Rao, 1994), in mouse red blood cells (Toda, 

Ohnishi, Kimura and Nakashima, 1998), in rat liver (Reddy and Lokesh, 1994) and also in renal 

epithelial cell (Cohly, Taylor and Angel, 1998). Curcumin also inhibits induction of iNOS in 

macrophages activated with lipopolysacharides and IFN-y (Brouet & Ohshima, 1995). In the 

present investigation, the status of generation of free radicals, such as superoxide (02), hydrogen 

peroxide (H20 2 ) and hydroxyl radical (OR) and nitric oxide (NO), by lymphocytes and tumor 

cells in presence of ETE has been studied which was not been so far looked into. 

Initially we found that the ethanolic extract of turmeric is more effective than extract in water 

and the ETE was mostly used in this investigation. In course of the study we found that majority 

of researchers in recent time were working with-the-commercially available curcumin, the active 

component present ih turmeric. So, few of our experiments were also carried out with curcumin. 

At the same time different fractions from ethanolic turmeric extract were isolated by Thin Layer 

Chromatography (TLC), followed by column chromatography (adsorption) and efficacies of the 

fractions eluted out were also judged through different immunological assays as mentioned , 

earlier and the results were also compared with different concentrations of commercially 

available curcumin dissolved in alcohol. 
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LITERATURE REVIEW ON TURMERIC/CURCUMIN AND 

THEIR DIFFERENT BI()LOGICAL ACTIVITIES 

Turmeric was described as Curcuma tonga by Linnaeus and its taxonomic position as follows: 

Class Liliopsida 

Subclass Comrnenlinids 

Order Zingiberales 

Family Zingiberaceae 

Genus Curcuma 

Species Curcuma tonga 

•• 
DISTRIBUTION: Cultivated throughout Asia including India, China and tropical countries. 

DESCRIPTION: A rhizomatous perennial herb that measures up to 60-90 em in height with 

short stem and tuft of erect leaves. Its rhizome is cylindrical, ovate, orange 

coloured often short branched. The flowers are pale yellow in spikes concealed by 

the sheathing petioles and with green flowering plates. 

CHEMICAL COMPOSITION: 

The important constituent of Curcuma tonga L. is curcumin a diferuloylmethane 

(3-4%), responsible for the yellow colour. Curcumin was first isolated in 1815 
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and its chemical structure was determined by Rough ley and Whiting in 1973. 

Curcumin has a melting point at 176- 177°C and forms red brown salt w ith alkali . 

It is soluble in ethanol, a lkali , ke tone, acetic acid and chloroform. The main chain 

in the curcumin molecule is the a liphatic chain, unsaturated and aryl group can be 

substituted. 
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Chemical structure of curcumin 

[I .Parahydroxyl groups, 2. Keto groups, 3. Double bonds) 

OCH 

Curcumin comprises of curcumin I (94%), curcumin II (6%) and curcumin ll l 

(0.3%). Demethoxy and bisdemethoxy derivatives of curcumin have also been 

isolated. 

Turmeric also contains protein (6 .3%), fat (5. 1 %), minerals (3.5%), carbohydrates 

(69.4%) and moisture ( 13 .1 %). The abundant starch is largely gelatin ized. A 

complex acidic arabinogalactan, ukonan A, is a lso present. It a lso contains 2-7% 

essentia l oi l, comprising mainly bisabolane, guaiane, and germacrane 

sesquiterpenes: turmerone, ar-turmerone, zingiberene, curlone, etc.; the high 

content of bisabolane derivatives distinguishes turmeric from other Curcuma 

species (Tomoda. et. al. , 1990). 
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BIOLOGICAL PROPERTIES.OF CURCUMA LONGA L. 

ANTl-lNFLAMMATOR\' 

In traditional medicine, turmeric has been used as a potent anti-inflammatory agent and there are 

many papers relating the activity of compounds extracted from C. longa L. being potent 

inhibitors of inflammation. Curcumin was effective against carrageenin-induced oedema in rats 

(Ghatak & Basu, 1972; Srivastava & Srimal , 1985; Brouet & Ohshima, 1995) and mice (Srimal 

& Dhawan, 1973). Mukhophadhyay eta/. (1982) demonstrated the anti-inflammatory activity of 

curcumin and other semi-synthetic analogues (sodium curcuminate, diacetyl curcumin, triethyl 

curcumin and tetrahydro curcumin) in carrageenin-induced rat paw edema and cotton pellet 

gran~loma models of inflammation in rats. Arora et. a/ (1971) investigated the anti-inflammatory 

activity in different fractions of the petroleum ether extract of the rhizomes of turmeric (fractions 

A and B) in animal models and found effective in reducing granuloma growth and no toxic 

effects were observed. Anti-inflammatory and anti-arthritic actions of volatile oil of C. longa L. 

were also observed by Chandra and Gupta (1972). 

Curcumin, in case of atopic asthmatics in response to house dust mites, inhibited 

Dermatophagoides farinea (0./)oinduced lymphocyte proliferation and production of IL-2, IL-5, 

GM-CSF, and IL-4 in a concentration-dependent manner ( Kobayashi, et.al., 1997) 

.Curcumin also inhibited experimental allergic encephalomyelitis (EAE) in association with a 

decrease in IL-12 production from macrophage/microglial cells and differentiation of neural Ag

specific Thl cells ( Natarajan & Bright, 2001). Patients with 'definite' rheumatoid arthritis were 

·studied to compare the anti-rheumatic activity of curcumin and showed significant improvement 
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in morning stiffness, walking time and joint swelling, following two weeks of curcumin or 

phenylbutazone therapy ( Deodhar 1980). 

The anti-inflammatory role of curcumin was also mediated through downregulation of 

cyclooxygenase-2 and inducible nitric oxide synthetase through suppression ofNF-KB activation 

(Surh. et.al., 200 I). Curcumin also enhances wound-healing in diabetic rats and mice and in 

H20 2 - induced damage in human keratinocytes and fibroblasts ( Phan et. al, 200 I). 

ANTI~TUMORt ANTI-CARCINOGENIC 

The anti-tumor and antiproliferative effect of curcumin, against a variety of transformed and 

· nontransformed cell types were investigated. Curcumin, a diferuloyl methane, the major pigment 

in turmeric inhibits proliferation of a wide variety of transformed cells such as HeLa cells, 

(Huang et. al., 1997), Jurkat cells (Piwocka, Jaruga, Skierski, Gradzka and Sikora, 2001), 

prostrate cancer cells (Mukhopadhyay et. al., 2001), MCF-7 cells (Henry et. al., 1998), AK-5 

tumor cells (Khar., Ali., Pardhasaradhi., Begum and Anjum. 1999) and many others. Several 

studies in recent years have also shown the inhibitory effect of turmeric and curcumin in 

different experimental tumorigenic models (Huang., M.T, 1994) and it has been found to be a 

potent inhibitor of the initiation and promotion of chemical carcinogen (12-0 tetradecanoyl

phorbol-13 acetate (TPA), 1,2-dimethylhydrazine dihydrochloride (DMH), 20-

methylcholanthrene, dimethyl benathracene (DMBA), benzo[a]pyrene, 7,12-dimethylbenz [a] 

anthracene etc.) induced tumor formation in animals (Huang, Smart, Wong and Conney, 1988; 

Kim et. al., 1988; Soudamini & Kuttan 1989; Deshpande, Ingle and Maru. 1997, 1998). 
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The effect of tunneric and curcumin were also observed in different experimental tumorigenic 

models. The modulating effects of turmeric (T), ethanolic tunneric extract (ETE) and curcumin-

' free aqueous tunneric extract (CFATE) on the initiation or post-initiation phases of DMBA-

induced mammary tumorigenesis were investigated in female Sprague-Dawley rats. Dietary 

administration of I% T I 0.05% ETE resulted in significant suppression of DMBA-induced 

mammary tumorigenesis as seen by reduction in tumor multiplicity, tumor burden and tumor 

incidence ( Deshpande.,lngle and Maru. 1998). The effects of curcumin in oral cancers were 

assessed in experimental tumorigenesis using Syrian golden hamster cheek pouch model. Cheek 

pouches were painted with the carcinogen dimethyl benathracene (DMBA) and were fed with 

curcumin through diet. At the end of 14 weeks, animals given curcumin showed lower 

percentage of microscopic tumors as compared to controls (Krishnaswamy eta!., 1998). Effects 

of curcumin and its derivative, tetrahydrocurcumin (THC), on development of putative, 

preneoplastjc aberrant crypt foci (ACF) in colons of mice initiated .with 1,2-dimethylhydrazine 

dihydrochloride (DMH) was also judged and were found to have potential chemopreventive 

activity against colon carcinogenesis (Kim et.al., 1998 ). The effect of curcumin, chlorogenic 

acid, caffeic acid and ferulic acid on tumor promotion in mouse skin by 12-0-tetradecanoyl-13-

acetate was also studied by Huang et a!. (1988), and observed that all these compounds inhibited 

the epidennal ornithine decarboxylase (ODC) and epidennal DNA synthesis, being curcumin the 

most efficient. The anticarcinogen potential of tunneric exract and curcumin was also 

substantiated by the reduction in tumour fonnation induced by subcutaneous injection of 20-

methylcholanthrene (Soudamini & Kuttan.l989 ). 

Oral treatment with T or ETE or CF ATE did not show any toxicity as judged by body weights, 

liver weights or liver/body weight ratios (Deshpande.,Ingle and Maru. 1998). Chemopreventive 
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action of dietary curcumm on 7, 12-dimethylbenz[ a ]anthracene (DM8A)-initiated and 12-0 

tetradecanoyl-phorbol-1 3 acetate (TPA) promoted skin tumor formation in male swiss abl ino 

mice was investi gated where the dietary admini stration of curcumin significantly inhibited the 

number of tumors per mo use and the tumor volume (Limtraku l, Lipigorngoson, Namwong, 

Apisariyakul and Dunn. 1997). Pretreatment of rats with I% turmeric through the diet resulted 

in a significant decrease in induction of B(a)P-induced CYP I A I and I A2 and phenobarbitone 

(PB)-induced CYP 281 in liver, lung and stomach, although the extent of the decrease was 

different. These results suggest that turmeric/curcumin(s) are likely to inhibit activation of 

carcinogens metabolized by CYP 450 isozymes, namely, CYP I A I, I A2 and 28 I. Topical 

application of low doses of curcumin inhibited 12-0 -tetradecanoylphorbol-13-acetate -induced 

tumor promotion (Huang et. al., 1988). 

ANTI·MUATGENIC 

The anti-mutagenic effects of turmeric on the leve ls of benzo [ a] pyrene induced DNA adducts 

in the livers of rats were studied, where turmeric at leve ls of 0.1-0.5% in the diet decreased DNA 

adducts and mutagen load (Mu kundan, Chacko, Annapurna and Krishnaswamy, 1993). 

Curcumin was also to inhibit the mutagenesis induced by aflatoxin 8 1 (AF81). Dietary 

admini stration of curcumin to rats significantly reduced the number of gamma-glutamyl 

transpeptidase-positive foci induced by AF81 which is considered as the precursor of 

hepatocellular neoplasm (Kapoor & Priyadarsini. 200 I). 

Curcumin as well as its two natural analogues i.e demethoxy curcumin (dmC) and 

bisdemethoxycurcumin (bdmC) were found to be highly effective in suppressing genotoxicity of 
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base pair mutation sensitive (TA I 00) strains of S. typhimurium. However, bdmC appeared to be 

a relatively less active antimutagen compared to C and dmC . These analogues were also found 

to be potent inhibitors of S9-mediated mutagenicity of hetorocyclic amines (Shishu, Singla and 

Kaur. 2002:). 

ANTI-OXIDANT 

Natural phenolic antioxidants from medicinal or edible plants have recently received much 

attention as promising agents for reducing the deleterious effects of oxidative stress-induced 

diseases. Curcumin present in turmeric is an active phenolic compound and scavenge hydroxyl 

and superoxide anions (Ruby., Kuttan., Babu., Rajasekharan and. Kuttan. 1995). Its antioxidant 

property, has further been shown by its capacity to inhibit lipid peroxidation in mouse red blood 

.cells (Toda et.al., 1998), in rat liver (Reddy and Lokesh, 1994). The effect of retinol deficiency 

and curcumin/turmeric on lipid peroxidation and fatty acid profile was studied in liver, kidney, 

spleen and brain microsomes of rats. Feeding 0.1% curcumin or turmeric for three weeks in diet 

to retinol deficient rats reduced the lipid peroxidation respectively to 12.5 or 22.6%, in liver, 

23.7 or24.1% in kidney, 14.4 or 18.0% in spleen and 16.0 or 31.4% in brain. 18. The inhibitory 

effects of curcumin and tetrahydrocurcumin (THC), one of the major metabolites of curcumin 

were also examined on the lipid peroxidation of erythrocyte membrane ghosts induced by 

tertbutyl-hydroperoxide. THC showed a greater inhibitory effect than curcumin (Song 

et.a/.,2001). Studies showed that curcumin is a good scavenger of hydroxyl radical at high 

concentrations but at low concentrations activated the Fenton system to generate an increased 

amount of hydroxyl radical. Curcumin was also studied for superoxide scavenging activity and 

was found to be a potent scavenger. Curcumin was able to reduce ferric ion·s to promote the 
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Fenton type reaction to generate a hydroxyl radical in the presence of hydrogen peroxide 

((Kunchandy & Rao, 1980). Curcumin inhibited induction of iNOS in macrophages activated 

with lipopolysacharides and IFN-y (Brouet & Ohshima.l995) and was able to protect 

hemoglobin from nitrite-induced oxidation to methemoglobin (Umakrishnan & Rao, 1995). 

Curcumin was also able to reduce the amount of nitrite formed by the reaction between oxygen 

and nitric oxide generated from sodium nitroprus·side (Sreejayan and Rao, 1997). 

Curcumin (CUR) also prevented the glutathione loss occurring in dexamethasone-treated 

thymocytes by enhacing intracellular glutathione content in treated cells. Results showed that 

CUR treatment elevated the concentrations of glutathione and non-protein sulfhydryl groups, 

thus preventing their decrease in apoptotic thymocytes (Jaruga, et.al., 1998) .Protective effects 

of curcumin (Ul), tetrahydrocrcumin (THUI), against ferric nitrilotriacetate (Fe-NTA)-induced 

oxidative renal damage were also studied in male ddY mice, ·which showed suppression of 

oxidative stress-induced renal damage by dietary Ul and THUI. The in vivo antioxidant effects 

of THU I were greater than those of U I probably because THU I may be more easily absorbed 

than U I from the gastrointestinal tract and also had some advantages as a food additive because 

it is colorless. (Okada, et. a/, 2001). Curcumin is able to repair most of the oxidized amino acid, 

with a great efficiency. In addition, cucumin also reacts with thiol radicals, indicating curcumin 

can be a powerful antioxidantto repair both oxidative and reductive damage caused to proteins 

by radiation (Kapoor & Priyadarshini.200 I). 

ANTl-.OA.CTERIAL 

Curcumin showed antibacterial property by inhibiting growth of Streptococcus aureus and 

Staphylococcus a/bus ( Chopra et. a!., 1941 ). Bhavani Shankar and Murthy (1979) investigated 
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the activity of turmeric fractions against intestinal bacteria such as Lactobacillus. Curcumin also 

inhibited the growth of H. pylori cagA+ strains in vitro (Mahady ,Pendland., Yun and Lu. 2002). 

The anti-viral effects of curcumin were determined on purified human immunodeficiency virus 

type I (HIV -I) integrase, where curcumin showed inhibition of an integrase deletion mutant 

containing only amino acids 50-21 probably by interacting with the integrase catalytic core ( 

Mazumder, Raghaban, Weinstein, Kohn and Pommer. 1995). Curcumin also acted as an efficient 

inhibitor of Epstein-Barr virus (EBV) key activator Bam H fragment z left frame I (BZLFI) 

protein transcription in Raji DR-LUC cells. EBV inducers such-as 12-0- tetradecanoylphorbol-

13-acetate, sodium butyrate and transforming growth factor-beta increase the level ofBZLFI m

RNA at 12-48 hr treatment in these cells, which was effectively blocked by curcumin ( 

Hergenhahn et. al, 2002). Curcumin was also capable of downregulating HPV 18 transcription 

(Prustry and Das, 2005). 

\ 

ANTl~PROTOZOAN 

The ethanolic extract of the rhizomes was found to have anti- Enatamoeba histolytica activity. 

Curcumin was also found to have anti-Leishmania activity in vitro (Koide et. al., 2002). Anti

Plasmodium falciparum and anti- L. major effects of curcumin have also been reported 

(Rasmussen et. al., 2000) 

Ar-tumerone, isolated from C. longa, was found to neutralize both haemorrhagic activity of 

Bothrops venom and 70% lethal effect of Crotalus venom in mice (Araujo & Leon 200 I 
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MATERIALS AND METHODS 

ANIMALS 

Inbred adult Swiss mice of both sexes, 8-14 weeks of age, were used for all experiments. 

Breeding nuclei were obtained from Indian Institute of Chemical Biology, Calcutta and are 

maintained with food and water ad libitum in our animal house by inbreeding for many 

generations. 

TUMOR INDUCTION 

Ehlrich ascitic carcinoma and Ascitic fibrosarcoma cell lines were obtained from Chittaranjan 

National Cancer Research Institute, Calcutta and maintained in our laboratory by serial 

passages. These two lines have been used for the initial experiments, the results were 

comparable, and we continued with Ehlrich ascitic carcinoma cells, for further experiments. 

MAINTENANCE OF ASCITIC TUMOR CELL LINE 

' 

Tumor cells were collected from peritoneal exudates of the mice bearing ascitic tumor by 
. I 

aspiration with a syringe fitted with 27 gauge needle. After centrifugation tumor cells were 

washed twice with cold sterile PBS and resuspended in PBS at a concentration of 106 cells in 

O.lml PBS and injected intraperitoneally to the mouse for induction of ascitic tumor. Within 

I 0 to 15 days full grown ascitic tumor develops. Serial passage was carried out after every 20 

days. Average life spans of ascitic tumor bearing mice are 28 ± 4 days. 

SOLID TUMOR INDUCTION 

To induce a solid tumor, 106 tumor cells suspended in O.lml PBS were injected 

subcutaneou~ly at the base of the left leg of a normal mouse. The mean time for appearance of 

palpable tumor was 14 days at the site. 
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ETHANOL TURMERIC EXTRACT (ETE) PREPARATION 

Fresh rhizomes of turmeric (Curcuma longa L) were obtained from local market. After 

cleaning properly with water; I 0 gms of sample was crushed to a paste with mortar and pestle 

[\nd I 0 ml of absolute alcohol was added to this paste and kept in a refrigerator at 4° C for 

overnight. The alcoholic turmeric extract was then filtered through Whatman filter paper I; 
' the filtrate was refiltered again through cellulose acetate Millipore filter paper (0.2 J.lm 

porosity, Sartorius) for sterilization, and the final solution obtained was aliquoted and stored 

at 4° C in ml 

The total amount of ETE prepared during each batch was evaporated to dryness under 

reduced pressure (Rotary Vaccum, EYELA, Japan) at 55° C to determine the percentage 

yields of the extract. 

' DOSES AND ROUTE OF ADMINISTRATION OF TURMERIC EX1'RACT 

Different doses of turmeric extract 10, 15, 20, 25, 50 and !OOJ.ll have been used for in vitro 

viability assay both for lymphocytes and tumor cells. The dose in which lymphocytes survive 

well but tumor cells become moribund was used for experiments. For in vivo experiments, 

turmeric extract was injected intravenously in lateral tail vein of mice. 

As the turmeric extract was made in ethyl alcohol, the equivalent amount of ethanol for 

particular dose of turmeric was used for control, and this protocol was maintained for all the 

experiments. 

SERUM COLLECTION 

Goat (Capra bengalensis) serum was used for in vitro supplementation of culture medium. 

This serum was found to be effective as Fetal Calf Serum (FCS) for in vitro culture of 

lymphocytes (Chaudhuri & Chakravarty, 1983). Goat blood was collected aseptically from 
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jugular vein and was allowed to stand at room temperature for 45 mins for clotting and then 

at 4°C for the next three hours. Serum was gently collected and then centrifuged at 1000 rpm 

for ten minutes. The clear serum was preserved in aliquots at ~20°C until use. When required, 

the serum was thawed, heat inactivated at 56°C for 45 mins and sterilized by passing through 

Millipore filters (0.45 f.!m, Sartorius). 

SEPARATION OF MACROPliAGES (M~S) 

Spleen and lymph node were collected aseptically from mice and the cells were dissociated in 

phosphate buffered saline (PBS, pH 7 .2) with the help of stainless steel wire mesh; further 

dissociation of the cells was done by passing through a syringe fitted with 27-gauge needle. It 

was then transferred to sterile plastic petri plates and incubated at 37° C for 45 mins in 

humidified atmosphere of 5% C02 in air. After incubation freely suspended non-adherent 

cells (mostly lymphocytes) were collected in a centrifuge tube for further separation ofB and 

T cell, while the adherent macrophages (M~s) remained attached to the petri dish surface. The 

petri dish surface was given three mild flushes of chilled PBS with Pasteur pipette to obtain 

the M~s. 

SEPARATlON OF BANDT CELLS 

The non-adherent cell types, depleted of M~s, were washed in PBS by centrifugation at 1500 

rpm for 5 mins, and resuspended in RPMI 1640 with I 0% goat serum. 

In another approach Ficoll and Hypaque gradient was employed for the separation of 

lymphocytes from the total cell suspension. Spleen and lymph node cell suspensions in 3ml of 

PBS were layered on Ficoll and Hypaque ·solution (Type IV, Sigma Co., USA) and 

centrifuged at 3000 rpm for I 0 mins. The band of lymphocytes at the junction of Ficoll 

Hypaque and PBS was taken out and washed twice with PBS. The ficoll-hypaque purified 

lymphocytes were finally resuspended in prewarmed RPMI 1640 with 10% goat serum. Then 
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the lymphocyte preparation was poured on a nylon wool fiber column for separation of B and 

T cells, as outlined by Julius and co-worker ( 1973 ). 

For preparing the column O.lgm teased and sterilized nylon wool (Robins' Scientific 

Corporation, USA), soaked in RPMI was gently packed in a lml syringe. The columns were 

loaded with cell suspensions (6 X 106 lymphocytes in 1 rnl) and incubated at 37°C for 1 hr. 

Non adherent T cells were eluted out with an excess amount of warm RPMI and re-suspended 

in fresh medium. The column was then filled up with chilled RPMI and further incubated in 

ice for 10 mins. Thus Nylon wool adherent B cells were eluted out with an excess amount of 

cold RPMI by agitation of the wool and then re-suspended in fresh medium. T and B cells 

were counted with the help ofhaemocytometer. 

INVITRQ CELL CULTURE MEDIUM 

The cells were suspended in Minimum Essential Medium (MEM, Hi-Media, Mumbai) or 

RPMI 1640 supplemented with glutamine, HEPES buffer, 200 mg NaHC03/100 ml, 100 U of 

penicillin/ml, 100 mg/ml streptomycin, 50 mg/ml nystatin and 10% heat inactivated sterile 

goat serum. 

IMMUNIZATION 

Sheep's erythrocytes were used as model antigen for immunization. Blood from jugular vein 

of a sheep was collected in Alsiever's solution and then two washes were made with PBS. 

The final pellet was diluted on volume to volume basis with PBS to make 25% of Sheep RBC 

(SRBC). For primary immunization 0.1 ml and for secondary immunization 0.05 ml of the 

25% SRBC were injected in mice intravenously in lateral tail vein. 

IN VITRO VIAUllJTY ASSAY 

Different doses of ethanolic turmeric extract were added to splenic lymphocytes, ascitic 

fibrosarcoma cells and Ehlrich ascitic carcinoma cells in glass culture tubes (Borosil) of 
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volume 5ml at a density of 1x106 cells in 2 ml of culture medium. Cell survival at different 

hours (4, 6, 8, 12, 16, 24, 48 and 72 hr) of culture was judged by trypan blue dye exclusion 

test. Counting of the cells was made with haemocytometer. 

LYMPHOCYTE PROLlFERATION ASSAY 

Lymphocyte proliferation during primary and secondary immune responses to SRBC was 

judged after intravenous injection of turmeric, one day prior to primary immunization. 

Number of viable B and T lymphocytes and also M~s from the spleen of the immunized mice 

were counted by trypan blue dye exclusion test. Simultaneously the weight of spleen was also 

taken into account. 

. I 
STUDY OF ANTIBODY MEDIATED PRIMARY AND SECONDARY IMMUNE RESPONSE 

Antibody mediated immune response has been measured in different ways: 

Plaque Formation Cell Assay (PFC) 

Antibody response can be quantified in terms of the number of antibody secreting cells in the 

haemolytic plaque assay following Cunningham and Szenberg' s (1968) PFC method with 

some minor modifications (Chakraborty and Chakravarty 1983). Suspension of spleen cell 

from a mouse, immunized with SRBC in 0.1 ml of PBS was mixed with 50J.il of SRBC and 

50J.il of rabbit complement. After thorough mixing with the micropipette, the mixture was 

transferred into the micro-chambers made by two slides, fixed face to face with a bigummed 

tape (3M, Minnesota Mining and Mfg. Co., USA). Two slides of the chambers were sealed 

by dipping in a molten mixture of paraffin and petroleum jelly at 50° C. After 8 hrs of 

incubation of the slides at 37° C, typical plaques of lysed RBCs surrounding antibody 

secreting cells develop and they were counted under binocular microscope with transmitted 

light. 

25 



Haemagglutination Assay 

The kinetics of primary and secondary humoral immune responses can easily be measured by 

the antibody titer technique. Agglutination reactions produce visible clumps of cells or 

particles bearing antigenic epitopes and antibody directed to them. 

For haemagglutination assay, the first well contains 1:10 dilution of the immunized and heat 

inactivated serum and second well onward two fold serial dilution (1 :20 to 1 :20480) was 

made with saline in a 96 well microtitre plate. The first well contained 0.18 ml of PBS and 

0.02 ml of serum. An amount of 0.02 ml of 1% SRBC as antigen was added to ~ach well. The 

microtitre plate was kept at 37° C overnight in humidified atmosphere. Different degrees of 

haemagglutination of SRBC occurred with antibody titers down the row of wells. Reciprocal 

value of the serum dilution in the last well giving positive haemagglutination reaction has 

been considered as agglutination titer value. On the right of this well the absence of 

haemagglutination revealed as precipitation of SRBCs at the bottom of the well as a red tiny 

button. 

Haemagglutination reaction in presence of 2- merceptoethanol (ME) 

2- mercaptoethanol (ME) reduces IgM molecules, but IgG molecules are resistant to this 

compound and can agglutinate erythrocytes even in the presence of this compound. Thus, 

whether Ab response was of primary( IgM ) or secondary ( IgG ) nature was determined by 

adding 5J.1l of0.1M 2-ME in a series of wells. 

Immunoglobulin G (IgG) estimation by ELISA 

Mouse IgG was assayed on microplates precoated with 1 OOJ.!l of serum samples diluted in 

coating buffer (8J.Il of serum sample and 1992J.Il of coating buffer) and incubated overnight at 

4°C. After incubation, wells were aspirated and washed 3 times with wash buffer 

(300J.Illwell). Then the plates were blocked with 200J.1l of l 0% bovine serum albumin (BSA) 

and kept at room temperature for l hr; After incubation, plates were washed 4 times with 

wash buffer and then 1 OOJ.Il of standards (I Opg/ml), controls and rabbit anti-mouse lgG 

primary antibody (Gene!, Bangalore) was pipetted into the wells and incubated at room 

temperature for 2hrs. Again the wells were washed 4 times with wash buffer and horseradish 
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peroxidase linked polyclonal goat anti-rabbit IgG (Genel, Bangalore) was added to the wells 

and incubated for 1 hr. Following a wash cycle to remove any unbound antibody-enzyme 

reagent, a substrate solution (hydrogen peroxide and tetramethyl- benzidine) was added to the 

wells and incubated for 30 mins. The enzyme reaction yielded a blue product that turned 

yellow on addition of stop solution (I M H3P04). The optical density of the plate was read at 

450 nm.in an ELISA reader (Biotech, MIOS ). Readings of the different dilutions of standard 

mouse IgG were used for determining the concentration of lgG on the basis of Beer 

Lambarts' Law. 

MEASURE OF IN WTRQ BLASTOGENESIS 

The transformation ofT and B cells into blasts after in vitro activation-by ethanolic turmeric 

- extract was studied. Blastogenic activity of turmeric was also compared with that of 

Concanavalin A (Con A), a polyclonal activator. Con A type IV (Sigma Chern. Co., USA) at a 

concentration of 5J.lg/ml was used for blastogenic transformation of murine T cells 

(Chakravarty and Chaudhury, 1981, 1983; Chakravarty and Maitra, 1990). The percentage of 

blast was enumerated with a haemocytometer in presence of trypan blue. Cells with diameter 

over 6 J.lm were considered as blast. 

MEASURE OF DNA SYNTUESlS 

Blast transformation is usually accompanied by DNA synthesis and cell proliferation. DNA 

,synthesis at different hours of turmeric treatment was measured by incorppration of 3H

thymidine (3H-TdR) into DNA. Cells were obtained from mice injected (i.v.) earlier with 

turmeric extract and suspended at a concentration of 2 x 106 cells/ml in culture medium 

(RPMI-1640), of which 200J.ll of cell suspension was aliquot iri each well of a 96-well micro-

culture plate. The micro-culture plate was incubated for 8 h at 37° C in humidified 

atmosphere containing 5% COz in air in the presence of I J.lCi of 3H-thymidine ( Sp. Act. 

18.5 Ci/Mm, Bhaba Atomic Research Centre, Mumbai) per well. At the end of the culture 
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period, cells were harvested with a PHD Cell Harvester (Cambridge, MA) onto glass fiber 

filters, washed with methanol, dried and kept in Standard Scintillation vials (Beckman, USA). 

At the time of radioactivity count, 5 ml of scintillation fluid (6 gm PPO, 0.5 gm POPOP/lt of 

Toluene) was added into each viab Radioactivity was counted in J3 scintillation counter (LS 

1800 BECKMAN, USA). All assays were done in triplicate and the level of 3H-TdR 

incorporation was expressed as counts per minute. 

CELL C\'C.L.E ANAL\'S1S B\' FACS 

For cell cycle analysis, mice were injected intravenously with turmeric extract and at different 

intervals (16 and 24h), spleen cell and ascitic tumor cell suspensions were prepared in PBS 

separately. To I ml of cell suspension, I ml of 80% ethanol was added and the cells were 

fixed overnight at 4° C. Fixed cells were centrifuged, the supernatant was decanted off, and 

0.5~1 of 500 ~g/ml (Standard 250 ~g/ml) RNAse A was added, followed by incubation for 45 

mins at 370c. 69 mM ethidium bromide was prepared jn 38 mM sodium citrate. The cells 

were centrifuged and suspended in 0.5 ml of 69 mM ethidium bromide (a fluorochrome which 

stains nuclear DNA) at room temperature for 30 min. Finally the cell cycle analysis was done 

in fluorescence activated cell sorter (FACS, Caliber, Becton Dickinson), in which a laser 

beam and light detector were used to count the DNA content of single intact cells in 

suspension. The peak in the DNA histogram refers to percentage of cells at a particular stage 

of cell cycle. 

SCANNING ELECTRON MlC;ROSCOPY (SEM) 

Cells treated with turmeric extract in vitro and in vivo were fixed in Karnovsky fixative for 3 

to 4 hrs at 4°C. A drop of cell suspension was taken on clean glass stubs ( approximately 
' 18xl8 mm) and waited for 5-l 0 min to allow the cells to settle down and were air dried. The 

cells were washed in cacodylate buffer twice for I 0 mins. The cells were then dehydrated with 

an ascending grade of acetone (30-50-70-80-90-95% twice for I 0 min each) at room 
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temperature and finally kept in dry acetone. After dehydration the cells were dried by critical 

point drying method, substituting dry acetone from the cells by carbon dioxide. After drying, 

cells were coated with gold in a fine coat ion sputter (J.C.F. 1100) by mounting the glass stub 

using the cells on a brass stub with electro-conducting paints. Cells were then examined and 

photographed under Scanning electron microscope (Leo 435 VP) at AIIMS, New Delhi. 

TRANSMISSION ELECTRON MICROSCOPY (TEM) 

For Transmission Electron Microscopy cells treated with turmeric extract in vitro and in vivo 

were fixed in kamovsky fixative for 2 hrs and then washed with 0.1 M PBS three times at 4°C. 

Ppst fixation was done with I% osmium tetraoxide for 2 hrs and the cells were again washed 

with 0.1 M PBS three times. The cells were then dehydrated with an ascending grade of 

acetone (30-50-70-80-90-95% twice for 10 mins at 4°C and finally kept in dry acetone for 30 

mins room temperature. After dehydration, cleaning was done with toluene twice for 30 mins, 

followed by infiltration with embedding medium and toluene. After this cells were embedded 

in pure embedding medium containing araldite (CY212), dodecenyl succinic anhydride 

(DDSA), 2,4,6 tridimethylamino methyl phenol (DMP-30) and dibutyl phthalate. After this, 

polymerization was done by keeping the blocks at 50°C for 12 to 14 hrs and then for 24 to 48 

hrs at 60°C. Finally 0.5 to 21.1m ultrathin sections were cut with ultramicrotome. These sections 

were then placed over copper grids. Cells were double stained firstly with uranyl acetate for 

I Om ins at dark, then again with lead citrate for I 0 mins. The prepared grids were then 

photographed under Transmission electron microscope (Philips CMIO, Netherlands) at 

AIIMS, New Delhi. 

ESTIMATION OF NUMBER OF CONJUGATES BETWEEN EFFECTOR 

LYMPHOCYTES AND TUMOR TARGET CELLS AND THE VIABILITY OF 

TUMOR CELLS. 

Ehlrich ascitic carcinoma cells were collected from peritoneum of mice as mentioned earlier. 

Cell number was adjusted as I 05 cells in 0.5ml culture medium. The effector T cells were 
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obtained from mice injected intravenously with 25J.!I of ethanolic turmeric extract, following 

the earlier mentioned protocol. Effector T lymphocytes in 0.5 ml were added in two different 

target: effector ratios (1:5, 1:10) to the fixed number of 105 tumor target cells in 0.5ml, and 

incubated in complete culture medium for 2hrs at 37° C in humidified atmosphere containing 

5% C02 in air. After 2hrs of incubation, the number of conjugate formed by association of 

tumor target cell and one or more T effector cells were estimated microscopically under a 

phase contrast microscope. Sometimes tumor target cells were found with blebbings and also 

in moribund condition, which were judged by trypan blue dye exclusion test. 

Cytotoxic ability ofT lymphocytes was determined by using 51 Cr release assay. This assay is 

based upon the finding that radioactive chromium ions e1cr304) diffusing into a cell are 

retained in the cytoplasm for a considerable period of time. This internal 51 Cr is released into 

supernatant fluid following cell membrane damage caused by cell mediated cytotoxic 

response of the effector lymphocytes. 

In this study tumor target cells (Ehlrich ascitic carcinoma cells) were pre-labeled by sodium 

chromate (Na2 
51Cr04, Sp. Act. 50 mCi/mg, BARC, Bombay). An amount of fluid containing 

200 J.1Ci Na2 
51Cr04 was added in 1ml of tumor cell suspension containing 107 cells and were 

incubated for one and half hour at 37° C in humidified atmosphere containing 5% C02 in air. 

The tubes containing the cells were shaken thrice during incubation for proper labeling. After 

incubation the cells were washed three times with PBS and the number of cells was adjusted 

to 1X103 cells in 0.25 mi. These radioactive chromium labeled cells were used as target cells 

for cytotoxic assay. 

Effector T lymphocytes were collected from mice treated earlier with 25 [!I of ETE for 48 hrs. 

To 1 ml of effector cells, 250 [!I of51 Cr labeled target cell suspension was added in 3 different 

target: effector ratios (1: 100, 1 :50 and 1: 1 0) and the mixture was incubated for 6 hours. 
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The aliquots of 250 f!l containing I X I 03 target . cells only were taken separately for 

spontaneous and maximum release. In the tubes for spontaneous release of isotope from 

labeled target cells, no effector cells were added. In' the set of tubes for maximum release of 

radioactivity from the target cells, I ml of distilled water (keeping the volume same with 

experimental tubes) was added instead of medium. 

After 6 hrs incubation culture tubes were centrifuged and I ml of supernatant was collected 

from each tube and the amount of 51 Cr released into the supernatant was assessed by using 

gamma-ray spectrometer (Model No. GR532A, ECIL, India). The percentage of cytotoxicity 

by the effector cells was calculated using the following formula: 
' 

Experimental release- Spontaneous release 

X 100 

Maximum release..:. Spontaneous release 

' EFFECT OFETE ON TUMOR GROWTH AND SURVIVALITY OF HOSTS 

The efficacy of ETE in controlling the growth of tumors was also investigated. For this the 

lymphocytes in tumor bearing mice were stimulated by repeated intravenous injections as well as 

by ora!' administration with ETE (25 f!l) by following different schedules: 

Schedule 1: Two doses of ETE was administered intravenously with an interval of one week 

followed by subcutaneous injection of tumor cells (106cells in O.Iml of PBS) on the 4th day 

after 2"d dose ofETE. 

Schedule II: Oral administration of ETE was done thrice on 0 day, 3'd day and 6th day, and 

tumor cells were injected subcutaneous on I Oth day. In this experiment three different 

concentrations of tumor cells were used; 106JJ05jJ04 cells in O.Iml of PBS. 

Schedule III: ETE was administered intravenously twice with a gap of one week; after 7 days 
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106 tumor cells in O.lml of PBS were injected intraperitoneally. 

Solid tumor growth of individual mice was measured every 7th day using a slide caliper. Size 

of a tumor was determined as an average of two readings at right angles by the slide caliper 

and expressed in cm2
• For growth of ascitic tumor as per schedule III, weight (gm) and girth 

(em) of the mice were taken into consideration. Each schedule consisted of 6 mice and the 

experiments were repeated thrice. 

DELAYED TYPE HYPERSENS1TlVITY ASSAY WITH 2, 4, DlNlTROFLUORQ 

BENZENE (DNFB) 

The delayed hypersensitivity type reaction depends on overall T- lymphocyte function. 

Primary sensitization of the mouse was carried out by applying 0.025 ml of 0.000 I% DNFB 

made in acetone in the right foot pad subcutaneously, and then resensitization was made with 

0.025 ml of 0.00000 I% DNFB in the left foot pad on 8th day. Turmeric was administered 

intravenously lhr prior to resensitization. The degree of erythema and induration was 

measured in terms of the diameter of the resensitized paw in em from the ninth day onward. 

Size of the reaction spot was measured twice at right angles by a slide caliper and the average 

was taken as iridex for the reaction. 

DIFFERENTIAL LEUCOCYTE COUNT FROM DTHMlCE 

Differential count of the leucocytes at the inflammation site was made, to understand the ratio 

of WBC in the DTH mice treated with ETE after 24 and 48 hrs of resensitization. For this a 

thin and uniform blood film was prepared, stained with Leishman's stain and finally counting 

was done under microscope. The numbers of different types of white blood cells were 

expressed in percentage. 
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SEPARATION OF CD4+ HELPER T CELLS FROM THE DTH MICE THROUGH 

MAGNETIC ASSORTED CELL SORTER (MACS) AND THEIR ENUMERATION 

MACS (Mitenyi Biotech, Germany) technology is an extremely efficient magnetic separation 

method, for cells with specific antigenic markers. With MACS technology, ce lls of interest 

were specifically labeled with super paramagnetic MACS microbeads. Then the cell s were 

passed through a MACS column, placed in a strong permanent magnet. The magnetically 

labeled cells are retained in the column and separated from the unlabeled cells, which passed 

through the column. After removing the column from the magnetic field , the retained cellular 

fraction was eluted. 

Briefly, lymphocytes isolated from the spleen of DTH m1ce after 24 and 48 hrs of 

resentization were suspended in PBS for separating CD4+ helper T cells. Cell suspension was 

then centrifuged at I 000 rpm for 10 mins and the cell pellet was resuspended at a 

concentration of I 07 cells in 80).!1 of fresh PBS. To thi s 107 cells 20).!1 of CD4+ (L3TH) 

microbeads ( 130-049-20 I) were added and refrigerated for 15 mins at 4 to 8?C for magnetic 

separation. 

The magnetic separation (MS) column was prepared by rinsing with PBS. 500 Jll of PBS was 

applied on the top of the column to make it wet and finally the effluent was discarded. As 

soon as the column was prepared the cell suspension containing the microbeads were poured 

into the column. The unl abeled cell s that passed through the co lumn were collected. The 

column was then washed with 3 times with 500).!1 of PBS. After co llecting the total effluents 

of the unlabeled cell fractions the MS column was removed from the separator and placed in a 

suitable collection tube. I ml of PBS was pi petted onto the MS co lumn and the magnetic 

labeled cells were immediately flushed out from the column by firmly pushing a plunger into 

the column. And thus the magnetic labeled cell s were coll ected which were then enumerated 

by counting them with the help ofhaemocytometer. 
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The MiniMACS Separation Unit attached to a MACS Multistand and shown with an MS Column 
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Digramatical representation of separation strategies with MACS 

34 



ESTIMATION OF TNF- a BY EIJSA 

Solid phase sandwich ELISA KIT (PharMingen, USA) was utilized for the evaluation of 

TNF-a. Mouse TNF-a was assayed on microplates precoated with affinity purified polyclonal 

antibody specific for mouse TNF-a. 100~1 of standards (ranging from 500pg/ml- 15.6pg/ml), 

controls and experi~ental samples was pipetted into the wells and incubated at room 

temperature for 2hrs. The wells were washed 4 times and horseradish peroxidase linked 

polyclonal specific for mouse TNF-a was added to the wells. Following a wash cycle to 

remove any unbound antibody-enzyme reagent, a substrate solution (hydrogen peroxide and 

tetramethyl- benzidine) was added to the wells. The enzyme reaction yielded a blue product 

that turned yellow on addition of stop solution. The optical density of the plate was read at 

450nm. toncentration of TNF-a was extrapolated from the standard curve of TNF-n (Paul et 

a!., 2001). 

BIOCliEMICAL ESTIMATION OF FREE RADICAL 

SUPEROXIDE SCAVENGING ASSAY 

Superoxide radical (02") was generated from autoxidation of hematoxylin and was detected 

by an increasing absorbance at 560 nm wavelength in a UV -visible spectrophotometer 

(ELICO, S L164). The reaction mixture contained 0.1 M phosphate buffer (pH-7.4), O.lmM 

EDTA, 50~M hematoxylin, 25~1 of ETE. The final volume of the reaction mixture was 

adjusted to 2.5ml by adding double distilled water (Martin, Daiby and Sugrman, 1987). The 

inhibition of autoxidation of hematoxylin in presence of extract over the control was 

calculated. 

HYDROXYL ION GENERATION 

Hydroxyl radical was generated from Fe2+-ascorbate-EDTA-H20 2 system (Fentons' reaction) 

which attacks the deoxy D-ribose and a series of reaction that eventually resulted in the 
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formation of malonedialdehyde (MDA). The reaction mixture contained 2.8 mM 2-deoxy D

ribose, 20mM of KH2 P04- KOH (pH-7.4), 100 mM FeCb, 104 11M EDTA, 1mM H202, 

I mM ascorbic acid and 25 f!l of turmeric extract. The reaction mixture was incubated at 3 7°C 

in humidified atmosphere containing 5% C02 in air for I hr. Then 2 ml ofTBA-TCA reagent 

was added in each tube and boiled for 15 min. The color of the reaction mixture changes to a 

pink MDA-TBA chromogen which was finally measured at 532 nm in UV-
' 

spectrophotometer (ELI CO, S Ll64). The level of hydroxyl radical generation was expressed 

as nM of MDA generated/hr ( Halliwell, Gutteridge and Aruma, 1987). 

LIPID PEROXIDA TIO]'I 

Lipid peroxidation of lymphocytes and tumor cells with the influence of turmeric extract was 

estimated separately according to Miller and Aust, 1989. Lipid peroxidation was induced by 

copper - ascorbate system and estimated as thioburbituric acid reacting substances (TBARS). 

The thiobarbituric acid assay is the most frequently used method for determining the extent of 

membrane lipid peroxidation in vitro. Malonedialdehyde (MDA), formed from the 

breakdown of polyunsaturated fatty acids, serves as a convenient index for determining the 

extent of the peroxidation reaction. MDA has been identified as the product of lipid 

peroxidation that reacts with thiobarbituric acid to give a red species absorbing at 535 nm. 

The reaction mixture contained IXI06 packed cells in 0.2M phosphate buffer pH (7.4), with 

20mMTris-HCI, 2mM CuCh, IOmM ascorbic acid and 25f!l of ethanolic turmeric extract 

and were incubated for I hour at 370 C in humidified atmosphere containing 5% C02 in air. 

Lipid peroxidation was measured as.. malonedialdehyde (MDA) equivalent using 

trichloroacetic acid (TCA) , thiobarbituric acid (TBA) and HCl (TBA-TCA reagent : 

0.375% w/v TBA, 15% w/v TCA and 0.25 N HCl). 

After incubation 2m! of TBA-TCA reagent was added and the mixture in each tube was 

shaken thoroughly. The tubes were then placed in a water bath for 15 mins and then 

centrifuged for I 0 min at I 000 g. Finally the supernatant from each tube was taken tum wise 

in a cuvette and the OD value was determined spectrophotometrically at 535 nm: Results of 

lipid peroxidation"have been expressed as nanomols of MDA produced/hr/1 06 cells. 
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Detection ofOH- by Fenton Reaction 
(Generation of Malonaldehyde) 

NITRIC OXIDE SYNTHASE (NOS) ACTIVITY 

NOS activity was determined by measuring the conversion of oxyhemoglobin to 

methemoglobin according to Jia et al. , 199635
. L- arginine was found to be the precursor for 

the synthesis of NO by vascular cells. Cytosolic NAPDH dependent monoxygenase is 

responsible fo r the conversion of L-arginine to NO. L-arginine first undergoes 

monohydroxylation to NG- hydroxyl-L-arginine which is then oxidized to L-citrulline and 

produces NO. This NO then undergoes oxidation with oxyhemoglobin (Hb0 2) and produces 

methemoglobin (met Hb). Thus the formation ofmetHb indicates the production ofNO. 

Briefly I x 1 06 packed cells (I ymphocytes or tumor cells) were incubated for 2 hr with 50 mM 

Tris-HCl buffer (pH 7.4), 1 OmM L-arginine, 64mM hemoglobin, with 251.d of turmeric 

extract at 37° C in humidified atmosphere containing 5% C02 in air. After incubation 

reaction mixture was centrifuged at 1 OOOrpm for 5 min and the optical density of supernatant 

was measured in UV- spectrophotometer (ELICO, S Ll64) at 535nm. Results of NO 

production were expressed as pmol ofNO produced/hr. 

To confirm that the production of NO was actual ly due to the activation of NOS, a 

competitive inhibitor of nitric oxide synthase (NOS), 1 O~M NG methyl- L-arginine acetate 

ester (NAME) was added in a separate set of experimental tubes. 
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ISOLATION AND CHARACTERIZATION OF THE DIFFERENT FRACTIONS OF 

ETE 

Crude ethanolic turmeric extract (ETE) was first monitored on a fluorescent bound silica TLC 

plate (E Merck, Germany) with the solvent mixture containing I: I petroleum ether I ethyl 

acetate. The ethanolic turmeric extract was subjected to chromatographic separation over 

silica gel (60-120 mesh, SRL, India). Ethanolic turmeric extract was evaporated to dryness 

under reduced pressure (Rotary Vaccum, EYELA, Japan) at 55°C. The dried extract was then 

dissolved in a low polar solvent (Petroleum ether, BP-60 to 80°C) and was added into the 

column with the help of a pipette. Finally column space above the adsorbent is filled with 

solvent with varying ratios of petroleum ether:ethyl acetate. The samples separated were 

finally collected in different small conical flasks. Fractions were dried under reduced pressure 

(Rotary Yaccum , EYELA, Japan) at 55° C to ascertain their respective dry weight in the 

ethanolic turmeric extract. The fractions were then dissolved in ethanol keeping the dry 

weight same as they were present in the ETE for further experimentations. 

To characterize the crude extract as well as the fractions eluted, UV spectrophometric 

analysis was done by UY-Spectrophotometer (Shimadzu, UV-160, Japan). 

IMMUNOLOGICAL ASSAYS TO JUDGE THE POTENT FRACTION 

The potent fraction was judged through the biological assays mentioned earlier such as 

Lymphocyte Proliferation Assay, Study of Antibody Mediated Primary and Secondary 

Immune Response in terms of antibody-secreting cells by Plaque Forming Cell (P FC) Assay, 

Hemagglutination assay, Heamagglutination reaction in presence of 2- mercaptoethanol 

(ME) and Immunoglobulin G (IgG) estimation by ELISA. 

To ascertain the fraction equivalency aforesaid assays were also carried out with different 

concentrations of commercially available curcumin (ACROS, Belgium) in ethanol (10, 25, 50 

and I OOf!g/ml). 
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STATISTICAL ANALYSIS 

Each experiment was done in triplicate and repeated more than thrice. This was applicable for all 

experiments. Results are expressed as Mean:!:SD of n observations Statistical significance was 

analyzed using students t test as well as using A NOVA software package. Rate of tumor growth 

was drawn according to the least-square fit method, and the slope for the line was calculated. 
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RESULTS 

IN VITRO VIABILITY STUDIES WITH DIFFERENT DOSES OF ETE 

MURINE LYMPHOCYTES 

Survivality of lymphocytes were judged with different doses ( I 0, 15, 20, 25, 50 and lOOJ..Ll) of 

ethanolic turmeric extract (ETE). At different hours of assay, percentage of the viable 

lymphocytes cultured with ETE was found higher than the alcohol treated (control) lymphocytes. 

The percentage of lower doses of ETE up to 25 J..LI showed better results (Fig 1 ). ln overall 25J..Ll 

seems to be optimal in view of significantly higher percentage of viable lymphocytes in 

comparison to other doses and control (Fig. I). At the end of 72 hr, 41.23 % of lymphocytes were 

alive with 25 J..Ll of turmeric treatment, whereas the viability was zero in alcohol treated control. 

The lymphocytes didn ' t survi ve beyond 48 hrs in the controls with 10 to 25 J..Ll of alcohol and the 

cells were alive up to 24hrs in 50 and 1 OOJ..Ll alcohol controls. 
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Fig. I Percentage o f v iable lymphocytes at different hours of treatment with ethanol ic turmeric extract (ETE) and 

alcohol (control). Results are expressed as mean ± SO. **p< 0.0 I compared to respective controls. 

TUMOR CELLS 

Ethano li c turmeric treatment causes significant level of death in Ehlrich ascitic carcinoma cells 

in vitro at 4 hrs (Fig. 2). Viability of tumor cells with turmeric fe ll dramatically after 8 hrs and 

conti nued to dimi ni sh with longer incubation period in comparison with the control (Fig. 2). 

With lower doses of ETE such as I 0, 15, and 20111 all the tumor cells were dead after 16 hrs of 

incubation, whereas tumor cells were still a li ve in the control groups. The dose of 25!11 ETE 

showed maximum ki lling of tumor cells, where viability fa ll to 0.0% after 12 hrs of incubation 

and were highl y significant when compared to control Higher doses were also inhibitory for 

tumor cell s but the results were not very much significant when compared to control. 
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Fig. 2 Percentage of viable Ehlrich ascitic carcinoma cell a t different hours of treatment with ethanolic turmeric 

extract (ETE) and a lcohol (control). Results are expressed as mean ± SD. *""p< 0.0 I compared to respective 

controls. 
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EFFECT OF ETE ON PRIMARY AND SECONDARY IMMUNE RESPONSE 

EST1MATION OF SPLEEN WEIGHT AND TOTAL NUMBER OF VIABLE SPLENIC LYMPHOCYTES AND 

MACROPHAGES 

No significant gain in the weight of spleen was observed in the ETE treated mouse over control 

in both primary and secondary immunization (Table I). But ETE treatment caused higher total 

lymphocyte count than in the control groups both in primary and secondary immunization . T 

lymphocytes contributed much in the increment of the total count with ETE treatment, as 

revealed by 65.34%, and 61.96% T lymphocytes in primary and secondary immunization (Fig. 

3 a & b). 

The ETE treatment also increased macrophage count and this was much higher in secondary 

immune response (Table 1 ). 

Table I Increment in the weight of spleen, total lymphocyte and macrophage count in SRBC immunized mice with 

ETE treatment in Primary and Secondary immune response. Results are expressed as mean ± SO, * p< 0.05 

& **p< 0.0 I compared to respective controls. 

Primary Immune Response Secondary Immune Response 

Weight of Total Macrophage Weight of Total Macrophage 

SRBC + 
spleen (gm) lymphocyte count x I 01 spleen (gm) lymphocyte count x 101 

count x I 07 count x I 07 

0.1673±0.032 5.2 1 0±0.093 2. 768±0.908 0.116±0.01 7 4.960±0.067 6.406±0.078 

ETE 

0.1405±0.050 I 2.418±0.1 05 1.428±0. 1 08 0 .088±0.0 12 3.03 1±{).024 1.983±0.056 

Alcohol 

0.137±0.0463 3.476±0.1 13 1.983±0.3 70 0.090±0.009 3.06±0.032 2.24±0.037 

No 

Treatment 
. -
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Fig. 3 Percentage of B and T lymphocytes from spleen of mice treated with ETE in ; a) Primary immune response, 

b) Secondary immune response. Results are expressed as mean J: SD, **p<O.O I compared to respective 

contro ls. 

PFC RESPONSE DURING PRIMARY AND SECONDARY IMMUNE RESPONSE 

ETE treatment stimu lated T cell proli fe ration, but it could not boost the antibody response as 

measured by the number of anti body secreting cell s. Significantly higher number of plaque 

forming cells was enu merated in control groups than in the ETE trea ted ones in primar~ 

immune response (Fig. 4). In secondary immune response the numbers of plaques in the control 

groups were also higher but statisti cally not signifi cant (Fig. 4). 
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Fig. 4 No. of plaque forming cells (PFCs) in I 06 lymphocytes from spleen of mice treated with ETE in Primary and 

Secondary immune response . Results are expn:ssed as mean ± SO, * p< 0.05 compared to ETE treatment. 

ANTIBODY MEDIATED PRIMARY IMMUNE RESPONSE WITH ETE TREATMENT 

The trend of PFC response was also reflected in the haemagglu tination (HA) titre val ues, where 

titre with alcohol treatment was higher than with ETE (Table 2, Fig. 5), this was possibly due to 

the lower count of antibody secreting cells wi th ETE treatment as observed during PFC 

response (Fig. 4). The agglutination was not manifested in antibody excess zone or wells. 

Table 2 Haemagglut ination (Ab) titre va lue with ET E treatment in Primary response and Secondary immune 

response with and wi thout ME. 

Primary Immune Response Secondary Immune Response 

SR BC + A b. T itre va lue•l 

Without ME Without Wi th M E 
ME 

ET E 
5120 320 40 

·-

Alcoho l 40 
10240 > b) 

No Trea tment 80 
2560 > b) 

"1ind icating last di lution of se rum capable o f agglutinating ant igen. Higher val ue indicates better antibody 

response. b) s ign to ind icate t itre value more than the dilution~ present in the 12'h or last we ll o f the row in the 

titre plate 

c 
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Fig. 5 Haemagglutination (Ab) titre with mouse antiserum towards SRBCs in Primary response: A) ETE 

treatment. B) Alcohol , C) No treatment (only SRBC). Wells with opaque look indicate agglutination of 

RBCs and well with distinct precipitatiOn of RBCs at the bottom indicate no haemagglutination. 

STUDY OF ANTIBODY MEDIATED SECONDARY IMMUNE RESPONSE WITH ETE TREATMENT 

Circulatory antibody titre val ue in secondary immune response followed the same trend of 

primary immune response, higher response in control groups (Table 2. Fig. 6). No agglutination 

was in the control wells (both alcoho l treatment and no treatment). 

Fig. 6 Haemaggl utination (Ab) titre with mouse antiserum towards SRBCs in secondary immune response: A) 

ETE, B) ETE + ME, C) Alcohol. D) Alcoho l + ME, E) No treatment (only SRBC), F) No treatment + ME. 

IgG mediated response as measured in presence of mercaptoethanol (ME) was also higher v. ith 

control groups (Table 2, Fig. 6). This resul t has corroboration in marginal increase in the serum 

lgG level in ELISA test (Fig. 7). 
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Fig. 7 Estimation o f serum IgG level (pgm/ml) by ELI SA in secondary immune response with ETE treatment, 

a lcohol (control) and no treatment (only SRBC). 

BLASTOGENIC RESPONSE OF LYMPHOCYTES WITH ETE TREATMENT 

The treatment of ETE caused increase in number of blasts over the control (alcohol) with peak at 

24 hrs. The blastogenic transfom1ation ofT cells (Fig. 8b & 9b) was higher than that with B cells 

(Fig. 8a & 9a). 
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Fig. 8 Blastogenic responses of lymphocytes from spleen treated with ETE, alcohol and ConA: a) B lymphocytes, 

b) T lymphocytes. Results are expressed as mean ± SO. Two way ANOV A revealed a ll the treatment values 

arc significant compared to control (p< 0.0 I). 

Possibly that was refl ected in the counts of the lymph node (Fig. 9a. &h ) which was suppose to 

harbour more T cells in lymph node. The blastogenic response in presence of turmeric was 

reasonable but not as high as with Con A. Con A is a potent mitogen for murine T lymphocytes. 
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Fig. 9 Blastogenic responses of lymphocytes from lymph node treated with ETE, alcohol and Co nA : a) B 

lymphocytes, b) T lymphocytes. Results are expressed as mean t SO, Two way ANOVA revealed a ll the 

treatment va lues are significant compared to contro l (p< 0.0 l ). 

DNA SYNTHESIS BY 3n-TDR INCORPORATION 

The ki netics of DNA synthesis is in agreement wi th the blastogenesis. At 24 hrs. the 3ft-TdR 

incorporation was highest in lymphocytes of spleen and lymph nodes treated with 25 J.d dose of 

turmeric. Again lymphocytes from lymph nodes showed better response (Fig. I 0 A& B). 
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The result with 50).!1 turmeric was lower than that with 25 )ll dose, and I 00 )ll dose could not 

elicit response higher than that of control (Fig. 11 ) . 
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Fig. 10 Panem o f inco rporation of 3H-thymidine by lymphocytes treated for different hours with ETE : A) 

lymphocytes from sp leen, B) lymphocytes from lymph node. Results are expressed as mean ± SD, * p<0.05 

& ** p<O.O I compared to respective controls. 
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Fig. l l The level of incorporation of 3H-thymidinc by lymphocytes treated for different hours w1th different doses 

(in Ill ) of ETE. The control values with ethanol are at the extreme. Results are expressed as mean ± SO, 

**p<O.O I compared to respective controls. 

CELL CYCLE ANALYSIS WITH ETE TREATMENT 

In cell cyc le analysis by FACS, DNA replication was studied by tagging the fluorochrome 

ethidium bromide (EB). EB stain ing of permeabilized cells (DNA content) was plotted against 

cell numbers in the DNA histobrrams. In the text ' ·index" refers to the percentage of cells at a 

particular cell cycle stage, represented by M 1 to M2. 

MURINE LYMPHOCYTES 

Lymphocytes after 16 hrs of in vivo turmeric treatment did not show any significant differences 

in the percentage of cells at different stages of ce ll cycle (Fig.12, Table 3). The difference 

became apparent after 24 hrs of turmeric treatment, where the M I peak (apoptotic phase) index 

was at 0.96 for lymphocytes against an index of 2.36 of the contwl (Fig. l2, Table 4 ).This 

ind icates higher percentage of apoptotic cell s in alcohol control. The M2 peak showing the Go-

G] phase was al so lower in the turmeric group in comparison to the control ; suggesting turmeric 

possibly has dri ven the cells quickly into the next phase, i.e., S-phase (MJ peak). At G2 -M 

phase, i.e., the M4 peak, the turmeric treated lymphocytes showed an index of 12.63 in 
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comparison with 3.34 in the control (Table 4). This indicated that turmeric has driven majority of 

the lymphocytes towards mitotic stage. 
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Fig. 12 DNA histograms by FACS for cell cycle analysis of splenic lymphocytes 
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ASCITIC FIBROSARCOMA CELLS 

The turmeric treatment works in reverse mode for the ascitic fibrosarcoma cells. At 16 hrs, the 

indices for M-1 peak were 6.39 with turmeric and 0.00 in control (Fig. 13, Table 3). This probably 

signifies that majority of the tumor cells had entered into the apoptotic state with turmeric 

treatment. The turmeric treatment for 24 hrs caused arrest of the cell cycle at S-phase as 

represented by the M3 peak (Fig. 13, Table 4). Thus, a fall in the M4 peak at G2 -M phase have 

been observed, suggesting that the tumor cells have not entered into the mitotic stage. 

Table. 3 Percentage of cells in different stages of cell cycle after 16 hrs treatment. shown by FACS. 

Cell Cycle Stages (Peak) Lymphocytes(%) Ascitic Fibrsarcoma cells 

(%} 

Turmeric Control Turmeric Control 

Sub GO-G!(MI) 1.89 2.72 6.39 0.00 

GO-GI(M2) 84. 10 88 .92 46.4 1 34.27 

-
S-G2-M (M3) 12. 17 8.23 41.57 63.92 

EHLRJCH ASCITIC CARCINOMA CELLS 

The results with turmeric treatment of Ehlrich ascitic carcinoma cell s were comparable with that 

of ascitic fibrosarcoma cell s. ETE treatment for 24 hrs significantly reduced the proliferation rate 

of tumor cells. That is why accumulation of 5.04 percentage of tumor cells were found at sub G0-

GI phase (M l peak) in compari son to 0.30% of the control (Fig. l4, Table. 4). The comparable 

trend remained for the next Go-GJ phase (M2 peak). Accumulation of arrested cells in this phase 

and decline in the percentage of cells at S-02-M phase (M3 peak) indicates that tumor cell are 

arrested from entering the mitotic cycle. 
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Table. 4 Percentage of cells in different stages of cell cycle after 24 hrs treatment, shown by FACS. 

Cell Cycle Lymphocytes(%) 

Stages (Peak) 
T urmeric Contro l 

Sub GO-GI(M/) 0.96 2.36 

GO-G! (M2) 67.83 73.88 

S(M3) 2.39 1.25 

G2-M (M4) 12.63 3.34 
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Fig: 14 DNA histograms by FACS for cell cyc le ana lys is of Ehlrich asc itic carcinoma cells. (Sub GO-G I(M I); GO

G I (M2); S-G2-M (M3 peak) 

In summary, FACS analysis reveals that turmeric is promotional for murine lymphocytes, by 

activating the cell cycle stages, and on the other hand it is inhibitory for cell division and induces 

programmed cell death in both Ascitic fibrosarcoma cells and Ehlrich ascitic carcinoma. 
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ELECTRON MICROSCOPIC STUDY 

FACS results were very much intriguwg as it showed ETE produced opposite effecrs on 

lymphocytes and tumor cells. Thus, it became imperative to study the actual state of the ce lls 

under electron microscope at d ifferent hours of ETE treatment. Scanning electron microscopy 

was done to study the ce ll surface and transmission e lectron microscopy for the internal milieu. 

S CANNING E LECTRON MICROSCOPY (SEM) 

Murine lymphocytes 

Scanning Electron micrograph of murine lymphocytes with in vitro turmeric treatment dtd not 

show notable changes on its surface topography, rather there is an increment in the diameter of 

the turmeric treated lymphocytes than the contro l after 24 hrs (Fig. 15 A & 8 ). In vivo turmeric 

treatment also fo llowed the same pattern by showing increment in the diameter of the ETE 

lymphocytes after 24 hrs (Fig. J6 A& B), suggesting lymphocytes activation with turmeric 

treatment. This increment is possibly indicative for blastogenesis o f treated cells, suggesting 

lymphocyte activation as observed earlier in case of blastogenesis (Fig. 8 & 9) and DNA 

synthesis (Fig. I 0 & 11 ). 

A B 

Pig. 15 Scann ing e lectron micrographs of munnc lymphocytes from spleen afkr 16 hrs of in vitro, A) ETE 

treatment, lymphocytes showing no significant changes on its surface topography, B) A lcohol treated (contro l). 
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A 

Fig. 16. SEM images of murine lymphocytes from spleen after 24 hrs of in vivo tr~atment with A) ETE, B) Alcohol 

(control) 

Eh/rich ascitic carcinoma cells 

On the other hand, in vitro turmeric treatment caused progressive changes in cell surface of 

Ehlrich ascitic carcinoma cells (Fig. 17 B-E). Ruffles on cell surface were distributed evenly 

prior to treatment (Fig. 17 A). Within 10 min of ETE treatment cytoplasmic blebs formed on 

tumor cell surface (Fig. 178). These changes accentuated within 4 h of treatment; particularly the 

cytoplasm blebs were broader and conspicuous (Fig. 17C). After 8 h of turmeric treatment, the 

blebs became numerous and the cell volume tends to decrease, this was indicative of initiation of 

disintegration of cell structure (Fig. 17D). Loss of cellular organization and disintegration of 

plasma membrane was more pronounced at 16 h of treatment (Fig: 17E). These changes clearly 

showed the onset of apoptos is in ETE treated tumor cell s; vvhen tumor cells treated with alcohol 

(control) remain unchanged (Fig. 17F). The tumor cells showed similar trend of changes with in 

vivo treatment of ETE, showing shrinkage in the cell volume and numerous blebs on the cell 

surface occurred. These changes are very much indicative of apoptotic process in tumor cells 

(Fig. 18A). Whereas tumor cells treated with alcohol (control) as usual remain almost unchanged, 

maintaining well its round shape and its volume. (Fig. 18 B). 
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E 

Fig. I 7 Scanning e lectron micrographs of Eh lrich ascitic carcinoma cells. A) Tumor ce lls prior to turmeric 
treatment, showing ruffles distributed a ll over the surface; B) after I 0 min o f turmeric treatment, cells 
showing formation of cytoplasmic blebs; C) after 4 h of turmeric treatment. cytoplasmic blebs were broader 
and conspicuous; D) After 8 h of treatment, cytoplasmic blebs, became numerous, cell volume tends to 
decrease; E) after 16 h o f turmeric treatment, loss of ce llu lar organization with di sintegration of plasma 
membrane; F) control, after 16 h of culture tumor ce lls remains unchanged. 

A B 
Fig. 18 SEM images of Eh lrich ascitic carcinoma ce lls afte r 24 hrs of in vivo treatment wi th; A) ETE. B) Alcohol 
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TRANSMISSION ELECTRON MICROSCOPY 

Murine lymphocytes 

Lymphocytes treated with ETE in vivo maintained their normal feature with large volume f 

c mpact chromatin material distributed throughout the nucleus (Fig.19A). Whereas the alcohol 

treated ones showed much vacuolation in the cytoplasm (Fig. 198 ). 

A 8 

Fig. 19 Transmission e lectron microscopic images of splenic l}mphocytes after 24 hrs of m vivo treatment wllh, A) 

ETE (Mag. X 5400), B) Alcohol (Mag. X 5200) 

Ehlriclt ascitic carcinoma cells 

Ehlrich asc itic carcinoma cells show characteristics projections from plasma membrane under 

transmission electron microscope (Fig. 20A). Tumor cel l from mice injected with ETE for 16 hrs. 

showed chromatin condensation as dark pat hes in the nucleus and indentation of the nuclear 

membrane (F ig. 208). These characteri stics suggests onset of apoptosis. Tumor cells a fter 24 hrs 

of FTE treatment showed fragmentation of nucl<! us and extensive vaculation in c l plasq}. The 

plasma membrane lost its characteri stic outward projections. rather showed signs of blebbing 

(Fig. 20C). Further increase in the size of the vacuole in the cytoplasm was observed after 48 hrs 
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of ETE treatment (Fig. 200 ). The Ehl rich ascitic carcinoma cells from mouse treated only with 

alcohol (control) showed the regular features of the tumor cells without any sign of fragmentation 

of nucleus, vacuolation and apoptosis (Fig. 20E). 

A B 
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Fig. 20 TEM of Ehlrich ascitic carcinoma cells; A) Tumor cell prior to treatment, showing chara<.:tc.ristic 

projections from plasma mem brane (Mag. X 1450), B) after 16 hrs of ~"'TE treatme:1t, showint, chromat;n 

condensation and nuclear membrane indentations (Mag. X 1550), C) after 24 hrs of ETE treatment. plasma 

membrane showing blebbings and large number of vacuoles in the cytoplasm and fragmentation of nucleus observed 

(Mag. X 2 1 00), D) after 48 hrs of ET E treatment, the size of the vacuoles increased (Mag. X 1550). E) after 48 hrs 

of alcohol treatment (control ). tumor ce ll remain unchanged. 

CELL MEDIA TED IMMUNE RESPONSE 

Cell mediated immunity is an in1portant mechanism for surveillance against cancer. primarily 

mediated by T lym phocytes. So far it seems that ETE can acti vate the murine lymphocytes 

especiall y the T cel ls to a reasonable degree in terr1s of blastogenesis and DNA synthesis. The 

F ACS and Electron microscopic images support th• contention of activation of lymphocytes by 

ETE. So, it became quite necessary to study whethe the ETE mediated activation can drive the T 

cells all the way to cytotoxic state against tumor ~ells. The cytotoxic state of T cells were 

determined by estimating number of conj11gates for ,ed bet\\ ~en tu-nor targ t cells Ctnd effec or 

cells and by 51 Cr- release from labeled tumor cells . 
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CONJUGATE FORMED BETWEEN EFFECTOR AND TARGET CELLS AT DIFFERENT R<\TIOS \\ITH ETE 

TREATMENT 

The conjugate formation is often considered a prerequisite for mounting cell mediated response. 

A typical conjugate formed between effector lymphocyte and tumor cell is presented in figure 

2 1 A. ETE stimulated lymphocytes participated well in conjugate formation with tumor cells as 

compared to control groups of alcohol and without treatment (Fig. 22). Consequent to conjugate 

formation, the tumor cells showed blebbings on their surface (Fig. 21 B); the frequency of tumor 

cells with blebbings was higher with ETE (Fig. 23A), and so was the death (Fig. 238). The 

blebbings and apoptotic bodies with ETE were also recorded in Giemsa stained slides (Fig. 24). 

1':, • 

0 0 
00 

,.,. o 

A B 

Fig. 2 1 Phase contrast micrograph of typical conjugate between Ehlrich ascit ic carcinoma cells and ETE activated 

lymphocytes in vitro; A) One lymphocyte (arrow) attached to the tumor cell surface (larger one), B) 

Lymphocyte probably getting detached from the tumor cell surface (arrow) after init iat ing apoptosis as 

indicated by blebbings (big) on the tumor cell surface. Mag. X3200. 
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Fig. 22 Percentage of conj ugate formed between tumor target cells and tymphocytes, at di fferent ratios after 2 hrs of 

in vitro ETE treatment. Resul ts are expressed as mean ± SD, Two way ANOV A revealed all the treatment 

values are significant compared to controls (**p< 0.0 I). 
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Fig. 23 A) Percentage of tumor cells with blebbings after conj ugate formation in presence of ETE for 2 hrs in vitro 

and B) subsequent drastic reduction in viable tumor cells. Results are expressed as mean ± SD, Two way 

ANOVA revea led all the treatment values are significant compared to controls (* *p< 0.01). 

A B c 
Fig. 24 Photomicrographs of Ehlrich ascit ic carcinoma ce lls stained with G iemsa with ETE treatment; 

A) Transformation of cell membrane into deeply stained numerous cytoplasmic blebs, B) Formation of 

multiple apoptotic bodies, C) No change in the morphology of tumor cells in presence of lymphocytes 

treated with alcohol (control). Mag. X 2400. 
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51Cr- RELEASE WITH ETE TREATMENT 

Conjugate formation and subsequent apoptosis m presence of ETE treated lymphocytes 

instigated us to measure the cytotoxic ability of the effector lymphocytes against 51Cr labeled 

tumor target cells. ETE treated lymphocytes showed significantly higher percentage of 

cytotoxicity towards the tumor target cells than the alcohol treated and the normal lymphocytes 

with all the three different target: effector cell ratios such as 1:100, 1 :50 and 1:10. The 

cytotoxicity indices with different ratios (Fig. 25) produced a graded response, indicating ETE 

generated effector T cells perform just like the effector cells activated by other means (Heininger 

et. al, 1976; Waterfield et. al., 1975, 1976; Chaudhury & Chakravarty 1983, Chakravarty and 

Maitra 1983 & 1990). 

In course of studying the effect of ETE on survivality of tumor cells and lymphocytes, we 

observed higher rate of mortality in tumor cells. So, an experiment was designed to measure the 

release of 51Cr labeled tumor cells in presence of ETE only. Direct application of ETE caused 

reasonable amount of Cr-release from the tumor cells than the control (Fig. 26). This confirms 

our earlier observation referred in figure 2. 
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Fig. 25 Percen tage of cytotoxic response mounted by ET E treated lymphocytes against the tumor target cells at 

three different ratios of ta rget : effecto r cells. Results are expressed as mean ± SD. Two way ANOV A 

revealed a ll the treatment values are significant compared to control (p< 0.0 I). 
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Fig. 26 Percentage of cytotox icity to wards tumor cells after 6 hrs of in vitro ETE treatment. Results are expressed 

as mean ± SD, **p< 0.0 I compared to respective controls. 

INHIBJTION OF TUMOR GROWTH AND INCREASED SURVIV AUTY OF HOSTS WI1H 

ETE TREATMENT 

Since cytotoxic activation of lymphocytes occurred by ETE treatment, it was necessary to study 

whether the treatment in vivo can restrict the tumor growth. 

The rate of tumor development was relati vely slower m all the three schedules of 

administration of ETE (see p.31) than the control mice, as evident from figure 27, 28 and 29. 

The figures also indicate the increase in survivality of the tumor bearing hosts with ETE 

treatment; this was possibly due to slower rate of tumor growth in all the cases. 
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Fig. 27 Rate of solid tumor gro wth ( in cm2
) with two intravenous injections of ETE twice before tumor induction 

(schedule 1). T umor growth was measured every week after induction. 

The tumors were palpable but not measurable upto 4th week in mtce recetvmg ETE 

intravenously; the survivality of these mice were upto 20111 week (Fig. 27). Whereas tumors 

became palpable on 3rd week and measurable from 51
h week when ETE was administered 

orall y; the tumor bearing mice survived up to 181
h week (Fig. 28A). In both the cases 106 tumor 

cells were used for induction of tumor. 

In two sets of experiment for oral administration, lower concentrations (1 05 and 1 04
) of tumor 

cell s were used for induction of solid tumor (Fig. 28 B & C). The lower concentrations could 

induce tumor with some delay. The tumor size did n0t reach to maximum of 3 cm2 and 

survivality of mice were more with the lowest concentration of inducing dose of tumor cell s. 
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Fig: 28 Rate of solid tumor growth in mice administered ETE orally thrice (on 0, 3 rd and 6th day) before tumor 

induction. Growth rate was measured every week marked c lockwise o n the c ircumference. Each 

concentric c ircle denotes I cm2 growth as indicated by 1-4. Three concentrations o f tumor cells were 

used for induction of tumors (see sched ule II, p. 3{ ): A) 106
, B) 105 and C) 104 tumor ce lls/O. Iml PBS. 

The results of the inhibition of the tumor growth with ETE treatment following three 

schedules, were also plotted 1 v 

regression slope for tumor growth. 

with least square fit analysis (Fig. 29); to find out the 
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B Schedule II 

a) Ora l adminis trat io n ofETE- 1 0~ t umor cells 
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c) Oral administration of ETE- I 011 tumor cells 
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Fig. 29 Least square fit analysis of so lid tumor growth fo llowing; A) Schedule I, B) Schedule II with different 

number of cells/O.Iml PBS a) 106
, b) 105 and ) 10~ tumor cells/O.lml PBS] The straight line for rate of 

tumor growth was drawn according to the least-square fit method, and the slope for the line was 

calculated. 

ETE could also restrict growth of ascitic tumors, induced as per schedule II I. In consequence 

the longevity of mice increased (Fig. 30). 
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Fig. 39 Rate of asc itic tumor growth with ETE, admin istered intravenously twice prior to the induction of 

tumor (see schedule Ill, p. 33); A) weight of mice in gm, B) Girth of mice in em. 

EFFECT OF ETE ON DTH RESPONSE INDUCED BY DNFB 

ETE was found to activate cell mediated immunity so its effect on delayed type hypersensitivity 

(DTH) response was also studied. DTH reaction is supposed to be function of T lymphocytes 

and 2,4-DNFB was used here for initiating DTH. 

The untreated mice had the swelling a ll through the study period of 9 days (Fig. 31). ETE and 

curcumin (1 011M) treatment reduced the swelling noticeably at all the points compared to 

controls (Fig. 31). 
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Fig. 3 1 Change in paw s ize of DTII mice with ETE and curcumin treatment given intravenously, I h.r prior to 

resensit izatio n (Day of resens itization indicated by 0) alcohol treated and un treated controls were maintained. 

Results are expressed as mean l. S O. Two way ANOV A revealed a ll the treatment values (ETE and curcumin 

were s ignificant compared to contro ls (p< 0.0 I ). 

The inhibitory effect o f ETE for DTH reaction was appreciable and remarkable from the 

photographs (Fig. 32). The untreated mice mai nta ined severe inflammation, leading to loss of 

digits and foot pad (Fig. 32 A, I st column). A lcohol conlrol showed loss of foot pad. Whi le 

with ETE and curcumin treatment the edema subsides within the 91
h day of resensitization and 

the paw retains it normal s ize and digits(Fig. 32 C &D). In comparison to curcumin, ETE 

showed even better inhibition of DTH response (F ig. 3 1 & 32). 
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A) No treatment B) Alcohol C) Turmeric (ETE) D) Curcumin 

Day I 

Day2 

Day 4 

Day 9 

Fig. 32 Photograph showing the DTH reaction of paw in A) untreated , B) a lcoho l, C) ETE and D) c urcumin 

treated mice in course of 9 day period o f study. 
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DIFFERENTIAL LEUCOCYTE COUNT AT THE INFLAMMATION SITE OF DTH MICE 

WITH ETE TREATMENT 

A 

Usually a DTH response is accompanied with infiltration of leukocytes (neutrophils, 

basophil, lymphocytes and monocytes) from the venous and lymphatic system at the site of 

inflammation. And thus to know what are the cell types that infiltrated at the site of 

inflammation and effect ETE treatment, differential count of leucocytes was taken into 

account. 

Increase in the percentage of lymphocytes and visa-a-vis decrease in neutrophils were noted 

in case of ETE treatment. Increase in monocyte population was found after 48 hrs of 

resensitization in controls (Fig. 33, Table 5). No appreciable change in the number of 

eosinophils and basophi1s after ETE treatment was observed when compared to controls. 
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Fig. 33 Percentage of different leukocytes at the inflammation site (resensitized paw) with ETE treatment ( I hr prior 

to resensitization) ; A) 24 hrs and B) 48 hrs after resensitization. Results are expressed as mean ± SO, **p< 

0.0 I compared to respective controls. 

On further microscopic study, neutrophils were found in apoptotic conditions with 

disintegrating chromatin material. The numbers of apoptotic neutrophils were more in both the 
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control groups (Fig. 34a, Table 5). In these two groups, lymphocytes in apoptotic condition, 

with numerous projections on cell surface, were also observed (Fig. 34b. Table 5). 

Table 5 Mean percentage of d ifferent leukocytes from the inflammation site of paw, after 24 and 48 hrs of 

resensitization for DTH . ETE and alcoho l were injected i.v. l hr prior to resens it ization. Resu lts are expressed 

as mean ± SO, * p<0.05 & **p<O.O I compared to respective controls. 

Eosin Neutro Baso Lymphocytes Monocytes 

N a) A Total s L l A Total s L 

24 hrs of resensitization 

T urmeric 2±0.16 14±114 hi 54 2 1± 1.35 5± 1.11 43-1.0 &4* 20;. \ 23* 0 63± 1.67 6'-0 \1 3±() \4 

** 
Alcohol 3±0.98 18 ll 34 I hi 47 33± 1.05 6± 1.56 12-<091 6" 0 06 4" 1 45 42± 1.03 7±() 45 9±0 19 

No 3±0.54 17±1.06 22±2 21 39±0.97 5± 1.89 28! 0 46 4±0 75 10±0 7 42± 1.65 7±() 14 4±0 10 

treatment 

48 hrs of resens itization 

Turmeric 3±0.65 16J0.91 Jrtl 19 19± 1.06 5±0. 12 .\8rtl.56 26.i l 76 0 64±2.45 7t{J 6 7 2t{J.56 

* ** 
Alcoho l 3±0 .1 2 271.0.87 9 t0 12 36±2.13 4±0.52 24 t 0 79 9i 0 06 2rtl OJ 33±2.12 15.iOJ 9±0 93 

No 2±0.43 29±1.03 I Jt{J 56 42±2.24 3±0. 10 1 O·tl 23 6·<1 12 9t0.56 25± 1.98 18±0 4 10±0 4 

treatment 

a> Abbreviations: N- Normal, A- Apoptotic, S- Small , L-Large 

Norma l 
- .. - ... . 

~ . . .. ' . . .. . } 

Apoptotic 

a) 

Small Large Apoptotic 

74 

Total 

9±0.56 
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11 ±0.23 

9±0. 13* 

24±0.45 

28±0.42 



b) 

Small 
c) 

Large 

Fig. 34 Photomicrograph of di fferent leukocytes at the innammation site ofDTH mice, stained with Leishmen 's 
stain ; a) neutrophils, b) lymphocytes, c) monocytes. (Mag-(2400) 

ETE treatment showed increase in lymphocyte count as 10 fi gure 33. In thi s increment, 

contribution of large lymphocytes was more (Table 5). 

CD4+ T CELL COUNT IN DTH MICE Wlm ETE TREATMENT 

As the number of lymphocytes in the DTH site increased considerably with ETE treatment 

compared to control groups, the contribution of CD4+ T cel ls in thi s hike was studied from 

lymphocyte population of spleen. Inc idental ly CD4+ T cells are important participant of DTH 

response. The living CD4+ T ce ll s from splenic lymphocyte population were iso lated by MACS 

and photographed (F ig. 35) . 

• 

Fig. 35 Phase contrast image ofCD4 ' T cells isolated from the spleen o fDT H mice w ith the help ofMACS(~K40) 
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Fig. 36 Total count of A) lymphocytes (x I 07 
) , B) CD4 ' T cells (in I 07 1ymphocytes) isolated from spleen of DTH 

mice after 24 and 48 hrs of resensitization with ETE and curcumi n treatment ( I 0 11M). Results are 

expressed as mean ± SD. Two way ANOV A revealed a ll the treatment values (ETE and curcumin were 

significant compared to controls (p< 0 .0 I). 

The CD4+ T cells count indeed significantly increased in spleen with ETE as well as with 

curcumin treatment (Fig. 36). For the purpose ETE treatment seems better than that with 

curcumm. 

SERUM TNF- a LEVEL lN DTH MOUSE TREATED WITH ETE 

DTH response not only influences the recruitment of various leukocytes at the inflammatory site 

but a lso modulates secretion of various cytokines from these inflammatory cells. O ne such 

prointlammatory cytokine TNF-a which plays significant role in many acute and chronic 

inflammatory diseases became our interest of investigation and was estimated by ELISA. 
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Intravenous administration of ETE 1 hr prior to resensitization inhibited TNF- a production in 

DTH mice (Fig. 37). The serum TNF- a level was much higher in the control groups and was 

maxima with alcohol treatment. Curcumin (1 Oj..i.M) also inhibited serum TN F-a. (Fig. 37) 
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Fig. 37 Inhibition of serum TNF- a leve l in pgm/ml quantity with ET E and curcum in treatment after 24 and 48 hrs 

of resentization as judged by ELISA. Two way ANOV A revealed all the treatment values (ETE and 

curcumin)vere significant compared to controls (p< 0.0 I ). 

EFFECT OF ETE TREATMENT ON THE GENERATION OF FREE RADICALS ( Superoxide, 

HydrOX) I ion and Hydrogen peroxide ) IN VITRO 

The generation of free radicals affects the cellular metabol ism in an extensive way. Thus, ETE's 

role in quenching the generation of free radicals was stud ied here. ETE could inhibi t generation 

of superoxide by autoxidation of hematoxylin. The degree of inhibition was measured over the 

contro l which was considered I 00%. Thus, ETE was effective in 45 % inhibition for superoxide 

generation (Fig. 38). Similarly ETE inhibited hydroxyl ion generation by 89% over the control, 

as measured in Fenton's reaction (Fig. 39). Thus, ETE was found to be potent as antioxidant. 

Whether ETE can perform as inhibitor for generation of free radical within the cell, copper
~,· 

ascorbate induced li pid peroxidation and malo¥1dchydc (MDA) production as index was carried 
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out for lymphocytes and tumor cells. H20 2 generation induces lipid peroxidation in the cell 

membrane which in turn produces MD A. ETE inhibits generation of H202 in lymphocytes (Fig. 

39). Percentage of inhibition was at 43.33 % in reference to control. ETE can inhibit lipid 

peroxidation in tumor cells at best to 11.64 %. When inhibition of peroxidation is more in 

lymphocytes , is likely to buy more protection for the cells. 
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Fig. 38 Inhibition of superoxide and hydroxyl ion generation by ETE treatment over U1e control (alcohol treated) 

Fig. 39 Copper ascorbate induced H20 2 generation in lymphocytes and tumor cells in presence and absence of ETE. 

ETE treatment caused lower production of MDA than the control. Results are expressed as mean ± SO, 

· · **p<O.O I compared to respective controls. 

NITRIC OXIDE SYNTHASE ACTIVATION WITH ETE TREATMENT 

NO is one of the smallest molecular products of mammalian cells and a free radical , it 

functions in the regulation of many cellular events and in defending against various 

pathogens and tumorigenic transformation. The level of activity of cellular enzyme nitric 

oxide synthase (NOS) in generation of NO from L-arginine was measured in both 
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lymphocytes and tumor cells. In this experiment beside normal lymphocytes and tumor cells, 

lymphocytes from tumor bearing mice was also taken into consideration. ETE treatment 

could increase the NOS activity in all three types of cell, but the level of activity was least in 

the normal lymphocytes as revealed in Fig. 40. Addition of 1 O!lM NG methyl- L-arginine 

acetate ester (NAME) to the reaction mixture in all the cases completely inhibited NO 

production, thus suggesting NO production was due to the NOS activity. 
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Fig. 40 L- arg inine derived NO production in both lymphocytes as well as tumor cells. Activation of NOS by ETE 

treatment, as suggested by higher production ofNO than the control. Results are expressed as mean ± SO, * 
p<O.OS & **p<O.O I compared to respective contro ls. 

SEPARATION AND CHARACTERlZA TION OF THE DIFFERENT FRACTIONS OF ETE 

All the findings so far suggested the potential role of ETE on lymphocytes and tumor cells 

which might be very important from immunological point of view. In this section ETE was 

fractionated through chromatographic techniques to obtain different components and to 

investigate their effect in certain immunological parameters such as lymphocyte and 
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macrophage counts,t;anti body responses. The results were compared with that of ETE and 

commerciall y available curcumin. 

FRACTIONATION OF ETE 

The yield of tunneric in ethanolic extract (ETE) of rhizome was 0.435 ± 0.032 mg/ml and 

showed two prominent bands on TLC with 50% ethyl acetate I pet. ether (Fig. 41 A) 

ETE was subjected to chromatographic separation over silica gel. The compound was adsorbed 

in silica gel column using small amount of petroleum ether. Elution with 40% ethyl acetate/ 

petroleum ether afforded the I 51 fraction with a prominent yellow band on TLC (Fig. 41 B). 

The TLC was run on fluorescent bound silica. Further elution with 50% ethyl acetate/ 

petro leum ether furni shed the 2"d fraction as brownish gummy material (Fig. 41 C). Both the 

fractions were UV active and apparently single spot on TLC. The fractions were dried and 

dissolved further in ethanol for UV spectra and experimentation. 

A B c 

Fig. 4 1 T LC strip showing bands of A) ETE (shown byarrow), with 50% ethyl acetate I pet. ether, B) Fraction 

I (F I) with 40% ethy l acetate/ petro leum ether and C) Fraction 2 (F2) with 50% ethy l acetate/ 

petroleum ether 

Then UV spectra were run for the ethanolic turmeric extract as well as for Fraction I (F I) 

and Fraction 2 (F2). While ETE aggravated two A max values at 424m and 234nm, Fl 

displayed the maj or band at 4 17 nm and the F2 gave the A max value clearly at 229 nm 

(Tab.6). 
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Table. 6 Characteristics of ETE, its two fractions and commercial curcumin. 

Dry weight in No. of bands in TLC UV spectra I 
m g in lml I 

(Solvent- ethyl acetate/ Pet ether) I 

Ethanolic turmeric 0.435 ± 0.032 2 424nm 
extract (ET E) (yellow orange prom inent band 234nm 

and faint brown ish band) 

F raction l(Fl) 0 . 164 ± 0.0 18 1 417nm 
ofETE (yellow o range prominent band) 

(37.6 1% of ETE) 

Fraction 2 (F2) 0.01 57± 0.00 19 1 229nm 
of ETE (faint brownish band) 

(3.62% of ET E) 

C urcumin lOJ1M - 2 10nm 
(Acros) 

0.0036838 

Fig. 42 Variations in the color of A) ETE, B) F I. C) F2, D) Curcumin (I OO!!M). E) Curcumin (50!-lM ), F) 

Curcumin (25 !-lM), G) Curcum in ( 10!-lM) in the ethanol solutions. 
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IMMUNOLOG ICAL ASSA YS WIT H FRACTIONS AND CU RCU MIN 

The contributing role of two fractions of ETE and curcwnin in primary and secondary immune 

response were studied in terms of cell count and antibody level after immunization with SRBC. 

WEIGHT OF SPLE£1\ AND THE\ l HBER Of I. l''vfPHOCIT ES A \ 'f) IIACROPI/I(;J:;S 

For increase in lymphocyte count with treatment of ETE and fractions, T lymphocyte seems to 

contribute the most (Table.7, Fig. 43). In primary immune response, the numbers of B 

lymphocytes with all different treatment were lower than the control of alcohol and no 

treatment. However B ce ll count was boosted better hy the curcumin than ETE and its 

fractions. In secondary immune response count of B lymphocytes with curcumin, dose of 

10).1M and 25).1M were almost similar to that of control. 

Notable increase in macrophage count with ETE treatment had already been observed 

(Table. l ). The fractions separately were not effective as that of ETE, even then they stimulated 

better index for macrophage count than other treatment except curcurnin at the dose of 1 0).1M 

(Table.7). 

Table. 7 Weight of spleen, total lymphocyte and macrophage count in SRBC immunized mice treated with ETE, 

F I, F2, Curcumin (1 0 to I 00 11M), alcohol (control) and no treatment lOnly SRBC) in A) Primary and, B) 

Secondary immune response. Results are expressed as mean ::t.. SD, • p<0.05 & **p< 0.0 I compared to 

respective controls. 

A. Primary 

Weight o f spleen (gm) Total lymphocyte count x I 0 Macrophage count 

X 107 

0. 1673 ± 0.032 5.2 10 ± 0.093 2.768 ± 0.908 

ETE 

0.226 ± 0.042 1 9.16 1 ± 0.165••aJ 2.611 ± 0. 132 

Fl 

0.2734 ± 0.0548 9.338 ± 0. 134••a) 2.505 ± 0.1 75 

F2 

0.2148 ± 0.03 12 3.359 ± 0.1 29 2.436 ± 0.094 

Cur IOJ.1M 
-
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0.206 ± 0.0421 3.240 ± 0.089 1.823 ± 0.083 

Cur25f!M 

0.120 ± 0.063 2.412 ± 0.096 1.756 ± 0.082 

Cur 50 J!M 

0.104±0.054 2.168 ± 1.034 1.146 ± 0.142 

Cur 100 f1M 
0.1405 ± 0.0501 2.418 ± 0.105 1.428 ± 0. I 08 

Alcohol 

0.137 ± 0.0463 3.476 ± 0.113 1.983 ± 0.370 

No treatment 

aJ Note maxnnurn mcrease with F1 and F2 fractiOns ofETE. Same IS true m table 7B. 

B. Secondary 

Weight of spleen (gm) Total lymphocyte count x 10' Macrophage count 

X 107 

0.116 ± 0.017 4.960 ± 0.067 6.406 ± 0.078 

ETE 

0.145 ± 0.027 5.496 ± 0.089' a) 3.91 ±0.067 

FI 

0. I 32 ± 0.043 6.262 ± 0.056" aJ 3.176±0.065 

F2 

0.139 ± 0.019 2.246 ± 0.089 3.897 ± 0.086 

Cur lOJ!M 

0.118 ± 0.032 1.642± O.Q98 1.876 ± 0.054 

Cur25f!M 

0.100 ± 0.056 1.643 ± 0.232 1.803 ± 0.098 

Cur50f!M 

0.090 ± 0.017 1.289 ± 0.143 1.753 ± 0.079 

Cur 100 f1M 
0.088 ± 0.012 3.031 ± 0.024 1.983 ± 0.056 

Alcohol 

0.090 ± 0.009 3.06± 0.032 2.24±0.037 

On1ySRBC 
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Fig: 42 Percentage of B and T lymphocytes from spleen of mice immunized with SRBC and treated with ETE', F I, 

F2, Curcumin ( I 0 to I 00 JlM), alcohol (control) and no treatment in : A) Primary and, B) Secondary immune 

response. [Values of ETE and control groups are quoted here from earlier data (Fig.3) and presented in lighter 

shade and stippled boundary for better comparison of the results]. Results are expressed as mean ± SO, **p< 

0.0 I compared to respective controls. 
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ANTIBODY MEDIATED PRIMARY AND SECONDARY IMMUNE RESPONSE WITH ETE TREATM ENT 

It was observed that ETE as such could not boost antibody production to the level of alcohol 

and without any treatment (refer to Fig. 4, 5 &6; Table 2). The fractions Fl and F2 neither 

could do the job better as shown in figure 4-1 A & B. Low response with ETE and fractions 

were evident both from the number of the plaque forming cells (Fig. 44 A & B) and titre values 

(Table 8, Fig. 45 & 46). 

A Primary Immune response 
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Fig: 44 No. of plaque forming cells (PFCs) from spleen of mice treated with ET E, F I , F2, Curcumin ( I 0 to 

I OO~tM), alcohol and no treatment in : A) Primary and, B) Secondary immune response. [Values of ETE 

and contro l g roups are quoted here from earlier data (Fig. 4)] 

Primary HA Titre Response 

A 

B 

c 

0 

E 

F 

G 

FIG: 45 llaemagglut ination (Ab) titre with antiserum from m1ce injected with SR.BCs after treatment with : A) ETE 

B) Fl, C) F2, D) Curcumin 10 ~1M , E) -25~M, F) -50 ~M, G) -100 ~M , H) Alcohol (control), I) No 

treatment. Wells with opaque look indicate agglutinalio n of RBCs and well with dis tinct precipitation of 

RBCs a t the bottom indicate no haemagglutination. 
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Secondary HA Titre Response 

Plate I 
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Fig. 46 Haemagglutination (A b) titre of secondary immune response with antiserum from mice injected twice 

with SRBCs. [ 2- Merceptoethanol (ME) was added in the well to reduce lg M and thus to measure 

secondary (lgG) response on ly] 

Table. 8 Haemagglutination (A b) titre value from mice immun ized with SRBC after treatment with ETE, F I , F2, 

Curcumin ( I 0 to IOO!lM), alcoho l (control) and no tTeatn1ent in primary and secondary immune 

response. 

Ab. Titre va lue a) 

Primary immune response Secondary immune response 

Without ME Without ME With ME 
5120 

ETE 320 40 
2560 

Fl 160 20 
1280 

F2 160 20 
2560 10 

Cur 10 160 
1280 80 

Cur 25 320 
80 20 

Cur 50 20 
80 20 

Cur 100 20 
10240 40 

Alcohol > b) 

2560 80 
No treatment > b) 

"'indicat ing last di lution of serum capable of agglutinating antigen Higher value indicates better antibody 

response. 

b) sign to indicate titre value more than the dilution, present in the 121
h or last well ofthe row in the titre plate. 

Furthermore, ELISA analysis for secondary (IgG ) immune response showed that there was no 

significant diffe rence in the data of different groups (Fig. 47). In other words, ETE, fractions 

and curcumin could not influence much the IgG response. 
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Fig: 47 Estimation of serum IgG level (pgm/ml) by ELISA in secondary immune response with ETE F I, F2, 

Curcumin ( 100, 50,25 and 10 !JM), a lcohol (control) and no treatment (only SRBC). 
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DISCUSSION 

It is significant that over 60% of currently used anti-cancer agents are derived in one way or 

another from natural sources, such as plants, marine organisms and micro-organisms (Newman 

et.al., 2003). 

The rhizome of Curcuma longa has been widely used as a yellow color agent and spice in many 

foods, and it has been used in indigenous medicine for the treatment of inflammatory and other 

disorders. Curcumin, a diferuloyl methane, the major pigment in turmeric inhibits proliferation 

of a wide variety of transformed cells such as HeLa cells, (Huang et. al. , 1997 ), Jurkat cells 

(Piwocka, Jaruga, Skierski, Gradzka and Sikora, 2001), prostrate cancer cells (Mukhopadhyay 

et. al., 200 I) MCF-7 cells (Henry et. al. , 1998), AK-5 tumor cells (Khar, Ali, Pardhasaradhi, 

Begum and Anjum. 1999) and many others. Several studies in recent years have also shown the 

inhibitory effect of turmeric and curcumin in different experimental tumorigenic models (Huang, 

M.T, 1994) and it has been found to be a potent inhibitor of the in itiation and promotion of 

chemical carcinogen ( 12-0 tetradecanoyl-phorbol-1 3 acetate (TPA), I ,2-dimethylhydrazine 

dihydrochloride (DMH), 20-methylcholanthrene, dimethyl benathracene (DMBA), 

benzo[a]pyrene, 7, 12-dimethylbenz [a] anthracene etc.) induced tumor formation in animals 

(Huang, Smart, Wong and Conney, 1988; Kim et. al. , 1988; Soudaminin & Kuttan 1989; 

Deshpande, Ingle and Maru. 1997, 1998). 
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ANTITUMOR ACTIVITY 

In the present study we showed the antitumor activity of ethanolic turmeric extract (ETE), for 

ascitic fibrosarcoma cells as well for Ehlrich ascitic carcinoma cell s. ET E showed propensity to 

induce cell death in both the cell type. The first evidence for it was the trypan blue exclusion test 

where within 16 hrs of ETE treatment the tumor cells exhibited I 00% mortality at 25 ,.11 dose (Fig 

2). ETE also showed its antiproliferative effect on tumor cells during cell cycle progression. In 

both the tumor cell lines it induces S phase arrest and accumulation of cells in the Gr M phase 

and by doing so it inhibited the tumor cells for entering into the mitotic cyc le ( Tab. 4; Fig. 13 & 

14). 

Several studies have shown that apoptosis leading to cell death could be induced by 

chemotherapeutic agents such as cisplatin, camptothecin, amasacrine, etoposide and teniposide. 

The present study also documents the induction of apoptosis towards tumor cells as revealed in 

F ACS analysis. The percentage of tumor cells at sub Go-G1 phase, representing the apoptotic 

phase was higher than the controls (Table 3 & 4). Initiation of apoptosis was earl ier within 16 hrs 

of ETE treatment in ascitic fibrosarcoma cells (Table 3).The process of apoptosis in tumor cells 

in presence of ET E has also been documented with scanning electron microscopy (Fig. 17 & 18). 

Initiation of apoptosis was within I 0 mins of in vitro ETE treatment, tumor cells exhibited typical 

cytoplasmic blebs on the surface (Fig. 178) which is indicative of apoptosis. With time, plasma 

membrane of tumor cell s disintegrated and the cell volume shrank (Fig 17 D & E). T ransmission 

electron microscopy also supported the incidence of apoptosis in tumor cells with ETE treatment, 

where tu mor cells exhibited chromatin condensation, nuclear fragmentati on, surface blebb ings 
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and even extensive vacoulation through out the cytoplasm (Fig. 20). The direct cytotoxic effect 

ofETE against 51 Cr labeled tumor cells in vitro was also documented (Fig. 26). 

Tumoricidal effect of ETE was judged in vivo situation after intravenous or oral application. By 

this procedure the tumor load could be curbed and the life span of the host could be increased. 

Suggested mechanisms for this inhibition of tumor growth are varied. Liu and coworkers (1993 

) showed that curcumin exerts inhibition through the serine/threonine protein kinase C pathway. 

Reddy & Aggarwal (1994) opine'd inhibition through protein tyrosine kinase transduction 

pathways. Others considered that the anti proliferative property of curcumin is partly mediated 

through inhibition of c-myc, c-jun, c-fos mRNA expression and even bcl-2 mRNA expression ( 

Kakar and Roy 1994; Lu, et. al., 1994; Chen and Huang. 1998). 

Curcumin affects the tumor cells not only being antiproliferative, simulta!leously it can also 

induce apoptosis as presented in the present investigation. Curcumin induced apoptosis correlated 

with the activation of caspase-3 and caspase-8 and the downregulation of the expression of anti

apoptotic proteins, Bcl-2 (Mukhopadhyay et. al., 2001). Sikora et. al., (1993) found that curcumin 

activates the downstream caspase-9 and inhibited the matrix metalloproteinase-9 (MMP-9) 

.enzymatic activity by inhibiting DNA binding activities ofNF-KB and AP-I transcription factors 

in course of induction of apoptosis. Curcumin downregulates Bel-XL, release of cytochrome c, 

through blockade by N- acetylcysteine, indicating role of ROS in Caki cells' death (Woo et.al., 

2003). Curcumin also downregulates p53 gene expression, by modulating intracellular Ca ++(Chen 

et. al.~ 1996). 
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IMMUNOSTIMULATORY PROPERTY 

' 
One immediate goal of research in cancer immunology is to come up with methodologies to 

enhance the body's natural defense against malignant tumors. This immunotherapeutic measure 

will be a powerful weapon in the arsenal of anticancer treatments. This was an objective of our 

laboratory for long. And thus, we got interested in turmeric. 

Initially we investigated activation of immunocompetent cells in presence of turmeric which we 

thought would be the basis of boosting the immune system. The dose of25~1 oft'E:TE .. : ';'·which 
J 

was very effective in setting in apoptosis in tumor cells from 10 mins onwards, was tried for 

lymphocytes too. The survival indices of lymphocytes in this dose were better and found to be 

stimulatory in reference to the different criteria such as in vitro blastogenesis, DNA synthesis 

and cell cycle analysis by FACS in this study. This was necessary in an absence of detailed study 

in the area. 

ETE treatment showed increment in the total lymphocyte count compared to control groups both 

in primary and secondary immunization (Table. 1). T lymphocyte seems to contribute the most in 

this incremtmt and. not the B cells (Fig. 3). Possibly that was the reason ETE cannot boost 

antibody production to the level of alcohol and no treatment controls (Table. 2; Fig.S & 6). ETE 

was also able to activate macrophages as their count increased with the treatment and was much 

higher in secondary immune response, suggesting possible involvement of macrophage in 

cytokine production for this event (Table 1). Activated macrophages are also the effector cells 

for phagocytic elimination and presentation of antigens. Further study to measure the production 
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of cytokines in presence of ETE and their role in T cell proliferation and differentiation needs to 

be done in future. 

Stimulation of blastogenesis by ETE showed better participation ofT cells in comparison to B 

cells (Fig. 8 & 9). Possibly that is why the percentage of blasts was more with lymphocytes from 

lymph node which harbour more of T cells than they are in spleen. However the percentage of 

blast transformation was lower when compared with that induced by a polyclonal activator like 

ConA. Highest 3H-TdR incorporation with ETE treatment corroborates the blastogenesis data 

(Fig. 10 & 11). 

' Activation of lymphocytes towards blastogenesis can be much appreciated when one compares 

the results induced by ETE treatment in malignant cells. The distribution of lymphocytes at 

different cell, cycle phases after ETE treatment indicates that the lymphocytes are driven towards 

mitotic cycle by activating G2-M transition ( Fig. 12). In the same account the tumor cells 

remains arrested at S-phase causing accumulation in the G2-M phase, inhibiting mitosis. This is a 

very significant point of this study to identify ETE in the same dose regime to be mitotic for 

lymphocytes and antimitotic and apoptotic for tumor cells. Thus, turmeric is a potential double 

edged sword to destroy the malignant cells directly and through the arm of cellular immunity. 

Furthermore the condition of both the cells under ETE treatment was judged by electron 

photography. The blastoid transformation of lymphocytes and apoptotic condition of tumor cells 

were beautifully revealed under SEM. TEM images reveal large volume of chromatin material 

distributed throughout the nucleus of ETE treated lymphocytes suggesting the healthy nature of 
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the cell, whereas chromatin condensation, nuclear fragmentation and blebbings were prominent 

in the tumor cells. 

To understand the way the turmeric is effective for lymphocytes and tumor cells, one may need 

to take into account the chemical nature of compounds present in it. Curcumin and its analogues 

are unique in having both phenolic and P- diketone functional groups on the same molecule 

(Ligeret, 2004; Tonnensen, Arrieta and Lerner, 1995). Like Vitamin E, curcumin is hydrophobic 

and a lipid soluble molecule and believed to be localized within the membranous sub cellular 

fraction of cells. This molecule easily passses the plasma membrane and spread throughout the 

lipid phase of membranous structures, such as endoplasmic reti culum (ER) and nuclear envelope 

(Ewa et.al, 1998). And so being in the cell membrane initiate the process of activation for 

lymphocytes and apoptosis in malignant cells. It might modulate various enzymatic activities 

including inhibition of protein Kinase C (PKC) in tumor cells. Signal transduction of T cell 

begins with the recruitment and activation of protein tyrosine kinases (PTKs) which remains 

associated at the cytoplasmic tail of polypeptide chains with TCR and activation of 

phosphotidylinositol phospholipase C (PLC). The present investigation provides impetus for 

further studies in this regard. 

AUGUMENTATION OF CELL MEDIATED IMMUNE RESPONSE 

Our present study also showed that in addition to the ability to stimulate T lymphocytes to 

synthesise DNA and divide, ETE can drive at least some of the cells further down the pathway 

of cytotoxic di fferentiation. Conjugate formation is the prelude to target cell lysis, which was 

nicely demonstrated with ETE activated lymphocytes (Fig. 2 1 A & 22) Induction of violent 
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blebbings (Fig. 21 B & 23A) and fragmentation of nucleus and cytoplasm in the tumor target 

cells by the ETE activated lymphocytes leading to the formation of apoptotic bodies could be 

clearly observed under phase contrast light microscope (Fig. 24). The death of the tumor target 

cells was further revealed in 51Cr-release assay (Fig. 25). 

The functional relationship between inflammation and cancer is often raised. It is now clear that 

proliferation of cells alone does not cause cancer, sustained cell proliferation in an environment 

rich in inflammatory cells, growth factors, activated stroma, and DNA damage promoting agents, 

together certainly potentiates and further promotes neoplastic risk. So in a way it can be said that 

tumors acts as wound that fail to heal (Dvorak 1986). So any drug which can heal the 

inflammatory wound faster can act as a wonderful antidote to cure malignancy. And in this 

regard we found ETE to be an excellent inhibitor of delayed type hypersensitivity reaction 

induced in mouse paw by 2,4 DNFB and also healed the wound very faster compared to control ( 

Fig. 3 1 & 32) . Oliver & Nouri ( 1991) proposed DTH type of reactions are critical for host 

resistance to cancer. Inhibition of DTH response by ETE as shown by us might help it to get 

access in the list of anticancer agents. 

Inflammatory cells such as neutrophils, monocytes, eosinophils contribute to malignancies by 

releasing extracellular proteases, pro-angiogenic factors and chemokines at the inflammatory 

sites (Coussens and Werb,2002; 1999, Kuper, Adami and Trichopoulous, 2000). The functional 

significance of macrophage recruitment at the site of neoplastic growth has been documented in 

various transgenic models (Lin et. al. , 200 I). Whereas ETE treatment efficiently reduced the 

degree of both neutrophil as well monocytes infiltration during the earlier stages of 

inflammation, (Table 5 and Fig. 33), th is may curb the promotion of malignancy. 
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The dominating role ofCD4+ T cells during DTH response demands the estimation of the cells in 

course of the reaction and was carried out with the help of Magnetic Assorted Cell Sorter 

' (MACS). CD 4+ T cells in the DTH mice increased considerably over the control with ETE 

treatment and probably this increment contributes to the inhibitory role ofETE to DTH response. 

The pleiotropic cytokine TNF-a (Mace et a!., 1988; Torisu et. al, 2000) play important roles in 

the immune regulation such as lymphoid cell development, activation, cell proliferation, cell 

death and in pro-angiogenic activities ( Rossi and Zlotnik, 2002; Balkwill and Mantovani, 200 I). 

In the present investigation ETE could significantly inhibit TNF-a production in the DTH mice 

(Fig. 37), and thus by inhibiting a proinflammatory cytokine possibly contributes here towards 

wound healing. We observed that curcumin can do as well in inhibition of TNF-a and DTH 

reaction (Fig. 37, 31 and 32). 

SCAVENGING OF FREE RADICALS 

One of the recognized features of curcumin is its antioxidant property. Superoxide is the most 

abundantly produced free radical which dismutases into molecular oxygen and hydrogen 

peroxide in the presence of proton. This hydrogen peroxide then induces cellular damage in the 

presence of ferrous ions by a Fenton reaction, resulting in the formation of OH" free radicals and 

further aggravates the peroxidation of lipid membrane. Generation of superoxide and hydroxyl 

ion was inhibited by ethanolic turmeric extract (Fig. 38). Furthermore, ETE inhibits copper-

ascorbate induced lipid peroxidation effectively in lymphocytes than in tumor cells (Fig. 39). 
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This signifies better protection of lymphocytes from lipid peroxidation. Probably that is why 

survivality of lymphocytes was always better with turmeric treatment in vitro (Fig. I) 

Lipid peroxidation is actually the oxidative deterioration of polyunsaturated lipids. This leads to 

decrease in membrane fluidity, increase the leakiness of the membrane to substances like 

inactive membrane- bound enzymes, Ca2
+ etc. Turmeric, we found inhibits lipid peroxidation by 

scavenging and neutralizing free radicals, such as superoxide (02-), hydrogen peroxide (H20 2) 

and hydroxyl radical (OH), contributing to cell membrane integrity. The phenolic and J3-

diketone (Tonnensen, Arrieta and Lerner, 1995) groups in curcumin play the role of the 

antioxidant. 

NITRIC OXIDE SYNTHASE ACTIVATION 

NO is pleiotropic molecule and mediates diverse functions by acting in most of the body cells 

through interaction with different molecular targets from superoxide anion to protein 

macromolecules, which can either be activated or inhibited through oxidation of thiols, hemes, 

Fe-S clusters, and other nonheme iron prosthetic groups of macromolecules (Fleming, 1999; 

lgnarro, et. a/., 1996; Moncado and Higgs, 1995; Furchgott and Jothianandan 1991; Nathan, 1992; 

Moncada1 1999). This NO being designated as a messenger molecule of different biological 

functions ( Bredt and. Snyder 1994; Gladwin, Crawford and Patel, 2004) can also acts as 

protector from cytotoxicity associated with oxyradical (lgnarro, 1989). We observed L-arginine 

derived NO production in both lymphocytes as well as tumor cells with turmeric treatment. 

Lymphocytes collected from tumor bearing mice produced more NO then the normal 

lymphocytes (Fig. 40). Increase in the NO production in lymphocytes possibly leads the cells 
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towards cytotoxic di fferentiat ion. The higher NO level in lymphocytes from tumor bearing mice 

supports the contention to an extent. In all likelihood the lymphocytes in tumor bearing host were 

to mount response towards tumor cell and ETE hightened the response. 

On the other hand, L-arginine derived NO production is also critical for tumor cel ls (Hibbs, 

Taintor and Vavrin, 1987; Xie and Fidler 1998) which was more with ETE treatment (Fig. 40). 

Excessive NO results in limitation of angiogenesis and in some tumor cells increases apoptosis 

(Hung and Xie, 2003; Hofseth et. a/., 2003). So, it can be suggested that in case of tumor cells, 

increase in NO with ETE is for inducing apoptosis. The phenomenon of apoptosis were 

documented in figures 13, 14, 17, 20 and 24 and 51Cr release from ETE treated labeled tumor 

cells in vitro (Fig. 26). 

I NHIBITION OF TUMOR IN S ITU 

T hese observations suggested to stimulate lymphocytes of the host to combat the malignant 

growth. ETE injected intravenously could effi ciently reduce the tumor growth and thereby 

increased the longevity of the tumor bearing hosts (Fig. 27). ETE when given orally found to be 

less effective in restricting solid tumor growth (Fig. 28) probably due to poor absorbtion of 

curcumin by the gastrointestinal tract (Ammon and Wahl, 1991 ). Evidences suggest that 

curcumin is biotransformed in the intestinal tract of humans and rodents and its systemic 

availabili ty is also poor in them. 

99 



TURMERIC AND CURCUMIN 

All the findings so far suggested the potential role of ETE on lymphocytes and tumor cells 

which might be very important from immunotherapeutic point of view. So we carried out 

fractionation of ETE by thin layer and column chromatography and compared the efficacy of 

ETE and fractions with commercially avai lable curcumin. Two major bands at 421 nm and 234 

nm were separated by column chromatography and named F 1 and F2 respectively and their 

percentages being 37.61 % and 3.62% of ETE. The commercially avai lable curcumin (Acros, 

Germany) showed a wavelength at 21 Onm and as per the availab le literature curcumin 

constitutes about 3 to 4 % in the turmeric (Teyyam, Health, AI-Delaimy and Rock, 2006). 

Hence our study suggests F2 is more to correspond with curcumin present in ETE. 

When increase in number of lymphocytes in primary and secondary immune responses was 

studied with two fractions of ETE and curcumin , the fractions were found to do the job better 

(Table 7) . T lymphocytes contributed more in the increment (Fig. 43). B cell count was boosted 

better by the curcumin than ETE and its fracti ons. Notable increase in macrophage count with 

ETE treatment had already been observed (Table . I). The fractions separately were not effective 

as that of ETE in stimulating T lymphocytes. Overall performance of ETE seems to be better 

than two fractions and curcumin. Mass spectroscopy and NMR will help us to identify 

curcumin, carbohydrate, proteins, fats, mineral and moisture contents in ETE and its fractions . 

That will allow better compari son between these and curcumin and might strengthen the use of 

ETE or a particu lar fraction for immunotherapeutic purpose. 
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CONCLUSION 

Research works with turmeric or curcumin till date were carried out mostly to show their 

inhibitory property towards tumor growth, viruses etc. The present investigation was framed to 

look into detail the effect of turmeric and curcumin on immunocompetent cell s, which did not 

get much attention so far. The effects of malignant cells were also taken into account. 

The effect of turmeric was judged at cellular level for both lymphocytes and malignant cells. 

Blastogenesis, DNA synthesis, cell cycle study and set in of apoptosis and cytotoxicity towards 

tumor cells were investigated. By all these counts turmeric seems to be stimulatory for the 

lymphocytes and causing cytotoxic differentiation ofT cells. Ethanolic turmeric extract (ETE) 

itself was capable of setting apoptosis in the mali gnant cells. 

Thus, turmeric plays diabolically opposite role on lymphocytes and malignant cell s in murine 

model. The present investigation showed in detail these opposite effects, in conjunction promotes 

the role of turmeric as a strong immunotherapeutic agent for cancer. Then investigation was 

carried out by intravenous injection and oral administration of ETE to find out its effectiveness 

in curbing tumor induction and tumor growth . Turmeric was effective in delaying the appearance 

of tumor, growth of tumor and thus increasing the life span of the tumor bearing host. The tumor 

growth was affected but tumor could not be totally eliminated in present experimental set up. 

Devising further experiments including combination of some other agents with turmeric will be 

attempted in future. 
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Furthermore we documented the anti- inflammatory role of turmeric in 2,4 DNFB induced DTH 

reaction in mouse paw. Inhibition of neutrophil and macrophages at the site seems to affect lesser 

secretion of proinflammatory cytokine which might allow faster wound healing. 

Generation of free radicals by univalent reduction of 0 2 is fundamental to any biochemical 

process and involved in cellular metabolism. Simultaneously cellular antioxidant quenches the 

free radicals to maintain a balance and not allow them to affect the system deleteriously. We 

observed a strong antioxidant role of turmeric inhibiting generation of o ; , H20 2 and oH·. This 

explains maintenance of integrity of cell membrane especially of the lymphocytes. This feature 

allows turmeric to be a therapeutic agent to fi ght cancer. 

ETE stimulates NO production in both lymphocyte & tumor cell significantly, a llowing the first 

to be acti vated and induction of apoptosis for the tumor cells. 

Upon chromatographic separation of ETE two fractions (F 1 & F2) were found and F2 was more 

comparable with commercially avai lable curcumin. When the effect of ETE, two fractions and 

curcumin was judged in the cell, ETE was found better in overall performance. 
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Abstract 

ThL' ..:thanol 1\ll"lllCric extract has been round to bl! stimula
tory li..>r murine .tymphocytc.s and inhibitory for fascitk 

~ lihros:m .. :onw cells which have been in\'cstigarcd on thC b:1sis 
uf in \'ilro viability aSSay, cdl cycle study by lluon:sc.:cncc 
acti\'ated cell sorter (FACS), and DNA synthesis by 3H
thymidine incorporation. Viability of lymphocytes is better 
with tum1eric: DNA synthesis increases and the majority of 
th~ lymphocytes.are driven toward mitotic stage as observed 
by FACS. Whereas turmeric causes- a significant level of . 
d~..·ath in asL·itit: lihrnsarct)ma cells in \'ifro :md possibly 
~o::tuse~ arrest ot' the cc.:\1 c.:yde at S-phase. it induces pm
grammt:'d L·ell death. 

lxr,rwonls: Curcumin, DNA synthesis, FACS, fibrosarcoma 
inhibition. lymphocyte stimulation, turmeric. viability. 

Introduction 

( ·urcumin is a constituent of the yellow-colored Indian spice 
turmerie obtained ti·om the rhizome of Curcuma tonga Linn. 
(Zingibcraccae). It is used for the prepamrion of many Indian 
dishes. Jts medicinal value was mentioned in the great 
Ayun·cdic medicinal literature oflndia, which is several mil
lennia old. Recently, much interest has been generated for 
,·arieties of pharmacological effects of curcumin, including 
anti-tumor (Huang eta!., 1994; Ruby et al., 1995), anti-infec
titlUS Uviazumdar ct ;Jl.. 1995). and antibacterial and anti
inllammatory (Srivastava, 1989: Brouet & Ohshima, 1995) 
acti\·ities. Several authors (Mehta & Moon. 199 I~ Huang ct 
al .. 1992. 1994: Tanaka eta!.. 1994) have demonstrated anti
l.'<lrcinogenic properties of curcumin in animal models. Our 

.-\ccept~d: ~ imch 15. 200_. 

laboratory alSo became interested in the antiearcinogcnic 
dlC~.:ts of' t.·urt.·umin s.evaal years ap.n (Choudhury. PNX: 
D<~s. Jl)lJlJ. 2000: Yas111in. 2000). In 111i.s paper. \\'1..' r~...·pl,rl tHif 

limli_ngs that an akohol extrat.·t tlt' tunn~Tk is inhihit\lry for 
murine fibrosarcoma, while it stimulat~s the growth or 
murine lymphocytes. The analysis was made on the basis of 
the viability of cells, cell cycle analysis. and 'H-thymidine 
incorporation. 

Mat~t·ials and M~thnds 

Tumor induL·tion 

Inbred adult Swiss mice of both sexes. S-16 weeks of age. 
were used for all experiments. Ascitic fibrosarcoma cell line 
was obtained from Chittaranjan National Cancer Research 
Institute. Calcutta. and maintained in our laboratory by serial 
passages. To continue with the cell line. adult mice were 
injected intraperitoneally with 1 0" ascitic fibrosarcoma cells 
per llllmsc in 0.1 ml ·of PBS li.1r iltdut.·lillfi llf asci tit.' tumor. A 

cell suspension was prep:ued in phosphalc~buJ1\:rl.'tl snlinc 
(PBS) following a standard protbcol. After 10 to 15 days. 
tumors would develop. 

Ethanol turmeric extract preparation 

For the preparation of turmeric extract. fresh rhizomes of 
turmeric (Curcuma /onga Linn.) \\·ere obtained from a local 
market. aod nlier cleaning. lOg of sample was crushed to a 
paste with a mortar and pestle. To this paste. !Oml or 
absolute alcohol were added and kept in a refrigerator at 

.-lddrl's,, 'mrre,,ponth·nn• to: Prof. Ashim K. l'hakra\·;u·ty. lnmnmulogy mut Cell Biology Laboratory. C'cntre for Uti: Sciences. t-'nivcrsity of 
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4°C. After 12h. the mixture was taken out and filtered 
through \\'hatman flltL'r paper no. I: the filtrate was refiltered 
through ~lilliporc tilta paper. and the final solution obtained 
was :'hll"l..'d at -l ('c rnr furthn usc. 

Lymphocyte preparation 

Spleen was collected aseptically from mice. and the cells 
were dissociated in PBS. pH 7.2. with the help of stainless 
Stl!el wire mesh by passing through a syring!.! fitted with a 
27-gaugc nccdk. The sp!c.:nocytcs "·ere washed twice in cold 
PBS. and the suspension was then kept in colcl sterilized 
anmwnium chloride solution ( 0.~3%) ror I 0 min in order to 
lysL" thL' red cells compktcly. Then. the cell suspension was 
washed twice with cold PBS. \Vhenever it was necessary to 
remove debris, the cell suspension was layered on Fico! I and 
Hypaque solution (Sigma Chemical Co., St. Louis, MO, 
USA) and spun down at 3000 rpm for 15 min. The lympho
C)1es were collected from the interface and then washed 
twice with PBS. Finally. the cells were suspended in 
minimum essential medium (lvtEM. Hi Media). 

In l'ilro viability assay 

Splenic lymphocytes and ascl!!c fibrosarcoma cells were 
transferred to culture plates at a density of I x I 06 cells in 
0.2 ml of minimum essential medium (MEM, Hi-Media) sup
plemented with 10% heat-inactivated sterile goat serum 
(Chaudhuri & Chakm·any. 1983), 10 ].!I or other doses of 
ethanol turmeric extract. and 200U of penicillin/ml at 
37°C. :\~the turmeric extract was made in ethyl alcohol. an 
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equivalent amount of ethanol for a particular dose of turmeric 
was used for control. Cell survival studies were performed ar 
different times (4, 6, 8, 16, 24, 48h) of cell culture by the 
Trypan blue dye exclusion test. The total number of \·iahk 
ct:ll.s were counted in a hemocytometer. 

Cell cycle analysis by fluorescence activated cell sorter 

For cell cycle analysis, mice were injected intravenously with 
turmeric extract. and at 16 and 24h, spleen cells and ascitic 
tumor cell suspensions were prepared in PBS separately. To 
I ml of cell suspension. lml of SO% ethanol was added. and 
the cells were fixed overnight at 4 °C. Fixed cells m.:re cc·n
trifuged. the supernatant was decanted on~. and 0.5 pi or 
500].lg/ml (Standard 250].lgiml) RNAsc A were added. lol
lowed by incubation for 45 min at 37 oc. Ethidium bromide 
(69mM) was prepared in 38mM sodium citrate. The cells 
were centrifuged and suspended in 0.5ml of 69 mM ethid
ium bromide (a fluorochrome that stains nuclear DNA) at 
room temperature at least for 30min. Finally, the cell cycle 
analy~is was done with a fluorescence activated cell sorter 
(FACS; Caliber, Becton Dickinson). 

Measure of DNA synthesis 

Proliferation of lymphocytes was determined by measuring 
the rate of'H-thymidine ('H-TdR) incorporation into DNA. 
Cells were obtained from mice injected (i.v.) earlier with 
turmeric extract and suspended at a concentration of 2 x 1 06 

cells/ml in culture medium (RPMI-1640), of which 200~tl of 
cell suspension was transferred to each well or a 96-well 

24 48 

Ill Turmeric 

GJAlcohol 

Duration (hr) · 

~igure 1. Diagram showing the comparative survival of splenic lymphocytes at different hours of turmeric treatment in vitro. 
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Fi:::,lm' 2. The comparative survival of ascitic fibrosarcoma cells at difii:rent hours of in l'irrv treatment with varim.Js .dbs~s of ethanolic 
turnll..•ric extract. 

microculture plate. The microculture plate was incubat,t!d for 
S hat 37 oc in a humidified atmosphere containing 5% C02 

in air in the presence of I ~tCi of ~H-thymidine (Bhaba 
Atomic Research Centre) per well. At the end of the culture 
perilld. \.."dis wen: harn:stL'd with a PIID Cell "Jiarvcstcr 
(Cambridge. MA. USA) onto glass fib~r fllters. washed with 
methanol. drie(l and kept in standard scintillation vials 
{Beckman). At the time of radioactivity count. 5 ml of scin
tillation fluid (6 gm PPO. 0.5 gm PO POP/I of toluene) were 
added into each vial. All assays were done in triplicate and 
tht.: h:wl of 3H-TdR incorporation was expresst.:d as counts 
per minute. 

Results 
. . ~( . . 

/11 J'itro viability studies , , :J~:·: '. 
For in l'illn studies of the etTect of turmeric'!~i~cell growth . -
and viability. the splcni<..· lymphocyte~ and a~citZc'tumor cell~ 
were culturt.:d separately. Atkr trcaunent \\ ith I 0 ,lll of 
ethanol turmeric extract tbr 4h. 94.37% of the lymphocytes 
were viable, whereas a survival of 79.21% was observed in 
the control (Fig. I). Thus. the viability of lymphocytes was 
better with turmeric. This trend was also obsen·cd at the end 
of24h, when the percentage of live lymphocytes was 73.57%. 
in the treatment group 1·ersus 38.84% in control. Howen~r .. 
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Figure 3. Trypan blue dye exclusion test for the ascitic fibrosarcoma cells at 4 h of in l'irro treatment with (a) ethanolic extract of turmeric. 
<h) t:thanol only (cnntn.,i). Tunncrk trt:ntmcnt causes a higher mte of denth to the tumor cells as C\'idenccd from the m:1jority of the cells 
turning blue' in the photomicrograph (magnification x\(100l. 

tht! same dos~ of turmeric causes a significant lc\·cl of death 
in ascitic fibrosarcoma cells. At 4 h. only 62.5% of \'i<Jble 
cells could be reco\·ered. whereas in. control. 80.50% cells 
remained alh·e. Viability of tumor cells with turmeric fell 
dramatically after 6 hand continued to diminish with a longer 
incubation period in comparison with the control (Fig. 2). 
After l2h of incubation, all turmeric extract - treated 
tumor n·\1~ \\"l'IT tkad, wh!.:Tl'Ol~::! 1.23'Xl of tunwr c~.:l\s \\'1.:1'~ 

a\iYc in the control. Besides I 0 ~I dose. a few other doses 
\\"CI't~ tried (Fig. 2). The trends with other doses such as 5. 15. 
and 20 J.il were similar to those with I 0 J.il. but in a graded 
fashion. At 12 h. total cell death was observed with I 0, 15, 
and 20 ~I doses, but not with 5 ~I. A photomicrograph 
showing the results of the Trypan blue dye exclusion test 
for rhe asciric fibrosarcoma cells at 4h of in l'itro treatment 
dearly indicates that in comparison to the control. the 
tlHt,inrity l,r tumtw cell~ tumcd blue when treated with 
turmeric (Fig. 3 ). Thus. tht: survival indices for lymphocytes 
were bctt~r in alcohol turmeric extract, whereas the 
extract s~cmcd to b~ inhibitory to murine fibrosarcoma 
cells. 

Cell cycle analysis 

!n r.:dl c:yc!c :uwly~i.s hy FACS. DNA n:plic.::!!ion w:1s .swdicd 
by t:tgging till' llunrm.:hrnmC' ~..·thidium bromide (EB). EB 
staining or pcrmcabilizcd cdls (DNA content) was plont:d 
against cell numbers in the DNA histograms. In addition to 
dot-plot display and histogram display, the software of FACS 
also displays a table showing the percentage of cells at each 
cell cycle stage. In this paper. "index" refers to the percent
ag~ of cells at a particular cell cycle stage. Lymphocytes. 

after 16 h in l'il'O turmeric treatment. did not show any appre
ciable <lifTerenccs, relative to the control. The diffen:nce 
became apparcm after 24 h. After 24 h of turmeric treatment. 
the M I P""~ index was at 0.96 for lymphocytes relati,·e to 
an index o[12.36 of the control (Fig. 4. Table I). TheM I peak 
indicated th~ number of cells entered in the apoptotic state 
at sub Gn-6 1 ph<!se. The observation that the index with 
turmeric-treated lymphocytes wa1' lower nt the ivl\ peak 
explains thc~,highcr count ol' viable cells with turmeric treat
ment as shO\vn in Figure I. The M2 peak showing the G,-G, 
phase was also lower in the turmeric group in comparison to 
the control, suggesting that tunneric possibly has driYen the 
cells quickly into the next phase (i.e., S-phase). At G,-M 
phase (i.e. the M4 peak), the turmeric-treated lymphocytes 
showed an index of 12.63 in comparison with 3.34 in the 
control (Tnblc 2). This indicated that turmeric has drh·cn the 
majority of the lymphocytes toward mitotic stage. 

However, the turmeric treatment of aScitic fibro~arcoma 
produced results of a reverse trend. At 16 h of treatment wilh 
turmeric. the indices lOr the M I peak wcrc 6.39. and 0.00 in 
control (Fig. 5, Table I). Probably, the indices showed that 
the majority of the tumor cells had entered into the apoptotic 
state with turmeric treatment. The turmeric treatment. up to 
24 h. possibly caused arrest of the cell cycle at the S-phase. 
as n.:pn .. ·scntcd by rite iv/3 pcnk. T!ws. :1 Dill in rhc i\·14 peak 
at tht: (j~-rvt pha~c has bcl.!n oh~crvcd. ~uggL'sting that the 
tumor cells havc not cntcrcd into the mitotic swgc. ln 
summary. FACS analysis reveals that turmeric is promotional 
for murine lymphocytes by activating the cell cycle stages 
and. on the other hand, it is inhibitory for cell division and 
induces programmed cell death in murine ascitic fibrosar
coma celis. 
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Figwv 5. ONA hi~tngrmns by FACS for cell cycle analysis of ascitic fibrosarcOma cells. 

DNA synthesis · 

The inference from FACS analysis was further strengthened 
by the DNA synthesis data. At 24 h, 3H-TdR incorporation 
was highest in lymphocytes with the 25 J.ll dose of turmeric 
treatment. and significantly higher than the control. The 

50 ).11 dose of turmeric also seemed to be stimulatory, 
but ttie level of stimulation was lower than the 25 ill dose 
(Fig. 6). The data of 3H-TdR incorporation was obtained 
in the course of another study using higher doses of 
turmeric and mentioned here for proper analysis of other 
observations. 
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Tobie 1. Percentage of cells at different cell cycle stages by FACS for 16 hours. 
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: onclusions 

fhe \ arious modes of tumor-suppressive activity of turmeric 
1:1' c been analy1ed by dif10rent authors. Curcumin. the 
teti,·c component o f turmeric. shows antiproli ferat i,·e e tfects 
'' uh lllllllll' n:Jb by i nhi bi ting protein ty rosine k inase and 
protein kinase C acti,·ity. as well as c-myc and bcl-2 mR A 
c.:x pres -ion (Chen & Huang. 1998). Khar et a!. ( 1999) demon
'trated thnt curcumin inhibited AK5 tumor gro\\'th and 
induced apoptl)Sis through the acti,·ation o f caspase-3 ant! the 
l,!~'th:rat ion of reacti,·e oxygen intermediatcl' . It h :1 ~ als0 been 
1\•und t'' inhrbi t the e\pre~~ion o f se\ era! proto-(l!Jcog~·nes: 
,·-Fo~ . c-Ju n. :111d c-i\ ! )c in the ll tnii~C (K:tkar ,1\: H n~ . J1)'J1)) 

:md c-Jun and c-Fos in .I B6 cells and mouse epiden ni::. ( Lu 
et al .. !99-tl. 

Thus. altlh•ugh the i nh ibitor~ mechanisms of turmeric on 
tum0r l'cll~ kl\ e been stud ted to some cxtctH. there i~ not 
nn11:h \\l•rk ,,n th ..: sti mulat,•r~ mlc of eun:umin li.1r 1~ mphn
..:ytcs. as ha:- been obser,·cd in thc currc.: nt in' estigati,•n. Thi~ 
opposite eiTect o f turmeric on asc it ic fibrosarcoma cells 
murinc I ~ mp!Htcytcs might he add iti,·c fo r the c11'cctin: 
J est ruction ~) r the tumor. Thu~ . w rmeric can be :-.uggL·~ t l'd for 
the treatment of malignancy. 
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Abstract 

In the present investigation·· ethanolic tunneric. extract has been found to play diabolically opposite role on murine 
lymphocytes and on Ehlrich ascitic carcinoma cells. Turmeric stimulates the lymphocytes into the effector pathway as studied 
through in vitro viabiEty, blastogenesis and 3H-TdR incorPoration and also- seems to be healthy under scanning electron 
microscopy (SEM). SEM- revealed the formation of cytoplasmic blebs and plasma membrane disintegration of tumor cells with 
ethanoli~ turmeric extract treatment. suggesting turmeric to be initiating apoptosis of tumor cells. Thus, in 'the present work 
viability of the cells, blastogrnesis, DNA synthesis and SEM study establish .the fact that turmeric is a conducive agent for 
lymphocytes and inhibitory as well as apoptotic for tumor celts. 
© 2005 Elsevier B.V. All rights reserved. 

1-:l'_\'Wmtf$: Curcmnitt~ Lymphocyte!=.~ Activation~ Tumor cell!=.: Apoptosis 
' . 

1. l~\lroduction' 

The rhizome of Curcuma Iongo Linn. (tunneric) iS 
being widely used in different food preparations and 
external application in India for its medicinal value 
since ancient times [I]. Curcumin. I. 7-6'-bis [4-
hydroxy 3 -methoxy phcny 1]-1.6-hcptadicnc-3 .5-
lfione .. the major pigmerit and phenol compound in 
tunnL·ri<> has h~..·~..·n shown In pt)SSl'SS htJth anti-

• Com:spunding :mthor: Fax: +91 353 25~1546. 
E-mail address: proL.ashinLchakr:.warty@rediffmail.com 

lA.K. Chakmvany). 

inllanunatory [2.3] and antioxidant properties [4-6] 
and has also been foqnd to be inhibitory against 

chemical induced ~arcinorna in several experimental 
models [7-9]. 

In the present study we have found ethanolic 
tunneric extract (ETE), playing· simultmicously oppo
site role on murin~ lymphocytes and Ehlrich ascitic 
'carcinoma c~lls as judged through in vitro viability 
assay. hlastogL'Ilc~is, DNA syntl,csiS and :-;canning 
electron microscopy (S~ ... sEM \vas employed to 
study the changes on tl.1:_ c~Urfact· topography of 
both murine. lymphocytes and Ehlrich ascitic carci-

' noma cells treated with ETE. '-

1567-5769/S - see front maucr © 2005, Elsevier B.V. All rights resciVed. · 
doi: I 0, I 0 16.j.imimp.2004.11.0 19 
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2. l\l:llerials. and methods 

2.1 . . ·1 llilllri/,,· 

Inbred adult Swiss mice of both sexes, 8-12 weeks 
of age, were used for all experiments. 

2.2. Chemicals 

Ficoll (type 400), RPM! 1640 medium, HEPES 
buiTcr, nystatin, phosplmtc buffer saline (PBS), 
toluene, POPOP and PPO for scintillation fluids were 
purchased from SIGMA, USA .. 'H-thymidinc, 
obtained from Bhaba Atomic Research Centre 
(BARC), Mumbai, India· a11d Nylon wool from 
Robins' Scientific Corporation, USA. 

2.3. Tumor induction 

Ehlric:h ascitic· carcinoma 'cell line was obtained 
from Chittaranjan National Cancer Research Institute, 
Calcutta and maintaint;d in our labomtory by serial 
passages. To continue with the cell line, adult n~i~c 
were injected intraperitoneally with I 06 ascitic fibro
sarcoma cells per. mouse in 0.1 ml PBS for induction 
as ascitic tumor. After 10-15 days, a full-fledged 
rumor would develop. 

2.4. Ethanol !Hrmeric extract (ETE) preparation 

for the preparation or turmeric extract, fresh 
rhizomes of tunneric (Curcuma louga Linn.) were 
obtained from local market, and after cleaning; 10 g of 
sample was crushed to a paste with mortar and pestle. 
To this paste I 0 ml of absolute alcohol was added and 
kept in a refrigerator at 4 °C. After 12 h the mixture 
was taken out and filtered through Whatman filter 
paper I; the filtrate was refiltered through Millipore 
filter paper. and the tliml so,Jution obtained was stc;>red 
at -l '"(' for l"urther usc. One milliliter or ETE contain 

0.435 mg dry weight of turmeric. For each experi
~ent, an equivalent amount of ethanol for a particular 
dose of turmeric was used for control.' 

2.5. Cell suspension 

Spk•en and lymph nodes were collected ascplic.ally 
.ami L"L'11s wen.= dissociated in phosphate hull~n:d salii1c 

(PBS, pH 7:2)-separately with the help of stainless steel 
wire mesh-and by repeated passage through a 27-gaugc 
nct:dlc, Cell toU~>~pcnsiuns Were !icpnrntcly lnycrcd on 
Ficpll llypaquc gradient (Sigma USA) and spun at 

. 3000 rpm for 30 min. The band of lymphocytes at the 
junction of Ficoll Hypaque and PBS was taken out. 
Lymphocytes were finally washed twice with PBS. 

i 
2.6. Separaiion of BandT cells 

' 
B and .T·cells·wcre separated by nylon wool fiber 

column technique from the lymphocyte suspension 
obtained from spleen or lymph nodes, as outlined by 
Julius et al. 1[1 OJ. Briefly, a 0.1 g teased and sterilized 
nylon wool (Robins' Scientific Corporation, USA), 
soaked in RPM! was gently packed In I Ill! syringes. 
The columns were "loaded with cell suspensions and 
incubated at 37 °C for 45 min. Non adhenint T cells 
were eluted out with an excess amount of warm RPM! 
and re-suspended: in fresh medium. The column was 
then filled up with chilled RPM! and fut1hcr incubated 
in ice for I 0 min. Nylon wool adherent B cells were 
eluted oul- with an excess nmount of cold RPM I by 
.vigorous agitati~n.ofthe.wool and then re-suspended 
in fresh medium. T and B ce!is were counted with the 
help of haemocytome~er. 

2. 7. Cullllre mediiim 

For in vitro culture, lyJ"!lJlhocytc suspensions 
were aliquot scptlralcly in round bottom glass 
culture tube (vol. capacity-5 ml) at a concentration 
of I x 10" cells in 2 ml of RPM!, supplemented 
with glutamine, HEPES buffer, 200 mg NaHC03/ 

I 00 ml, I 00 U of penicillin/mi. I 00 mg/ml 
streptomycin, 50 mg/ml nystatin and 10% heat 
inactivated. goat serum. Finally cells were cultured 
at 37 oc in humidified atmosphere containing 5% 
C02 in air~ 

2.8. Cell viability assay 

Our earlier findings [9] showed good results with 
a 25 fll dose of ETE and hence this dose of ETE was 
used for all the experiments. Viability of splenocytes 
in each culture tuqe was counted at 8, 16, 24, 48 and 
72 h with a 25 pi dose of ETE .. As the tun11cric 
extract was made in ethyl alcohol, the cquivalt:nt 
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amount of ethanol for a particular dose of turmeric 
was used for control in all the experiments. Percen
tages of viable cells were counted in a hacmocy
tometer in the presence of trypan blue, considering 
the number of viable cells at the beginning. as a 
hundred. 

2. 9. Aleasure of blastogenesis 

Blastogenic activity oL turmeric was compared 
with that of ConA, a polyclonal activator. ConA at a 
concentration of 5 ~g ConA/ml was used. The 
percentage ofblast cells was counted by a haemocy
tometer in the presence. of trYpan blue. Cells with a 
diameter over 6 J!lll and rartging more than 1 0 f.l.In 
were considered as blast. All the experiments were 
n.·pcatcd more than thrice and triplicah! sets were, kept 
for individual experiments. 

2.10. Measure ofDNA synthesis 

Proliferation of lymphocyt~s was detem1ined by 
measuring the rate of 3H-thymidine {'H-TdR) 
incorporation in vitro. Cells were suspended at a 
concentration of 2 x 106 cells/ml in culture mediun}. 
from which 2QO .Ill of cell suspenSion was aliquot in 
l'arh well of a 96-wcll micro-culture plate. Jn each 
or the experimental wells 25 1-11 ETE and in control, 
an equivalent amount of alcohol was added. After 
24. 48 and 72 h of incubation at 37 oc in 
humidified atmosphere containing 5% C02 il1 air, 
the cells were labeled for- 8 h at the same 
atmosphere in the presence of I ~Ci of. 3H
thymidine (specific activity-15.8 Ci/mM) per well. 
At the end of labeling cultures were tcnninatcd by 
washing with cold PBS and precipitated with cold 
10% trichloroacetic acid (TCA). The TCA precip
itate was then filtered onto glass fiber filters; washed 
with methanol and dried with a PHD cell harvester 
(Cambridge, MA). The discs from filter paper 
containing individual samples were placed in stand
ard scintillation vials (Beckman, USA). At the time 
or radioactivity count, 5 ml of scintillation fluid (6 g 
PPO. 0.5 g POPOP/1 1 of tolucnc) was added into 
each vial. Radioactivity was counted in ~\-scintilla

tion counter (LS 1800 BECKMAN, USA). All 
assays were done in triplicate, 3H-TdR incorporation 
was expressed ·as counts per minute. 

2.11. Scanning electron microscopy (SEM) 

Murine splenocytes treated earlier with tumieric 
extract in vitro were fixed in Kamovsky fixative 
for 3-4 h at 4 °C. After fixation, cells were 
washed in PBS twice and then . dehydrated. After 
dehydration cells were dried by critical point 
drying method and finally gold plating was done. 
Cells. were examined and photographed under a 
scanning electron microscope (EDAX-9900) at 
AIIMS, New Delhi. . 

3. Results 

-3.1. In vitro viability of murine lymphocytes 

At dif!Crcnt hours of assay, percentage of the 

viable lymphocytes cultured with· ETE was m~ch 
higher than the alcohol treated lymphocytes (Fig. I). 
At the end of 74 h, 42.89% of lymphocytes were 
alive with tunneric treatment, whereas in the case of 
alcohol treated control, the viability was zero. Hence, 
lymphocytes survived better with tunneri~ than 
control. 

3.2. lu l'itro blastogenic response l~{ lymphoid cell 
types in ihe presence of ETE 

·. Blastogenic response has been ·observed in B and 
T cells obtained from the spleen and lymph node. 
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Fig. I. Percentage or viable lymphocytes at 8, 16, 24,48 and 72 h 
after treatment with ethanolic extract treatment- (ETE). 
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Normal lymphocytes· measure about 5 11m in 
di!lm'eter. Blast transfonnation with tunneric treat
m~nt results in increment of cell size from 6 to 10 
~tm or more; as obsCrved~ under phase contrast 
micms~.:upc. 
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The treatment of ETE caused an increase in 
number of blasts over the control (alcohol). Blasto
genic response ofT cells (Figs. 2B and 3B) was better 
than B cells (Figs. 2A and 3A). With turmeric 
treatment, the peak of blastogenesis was effectively 
reached by 24 h. Percentage of blasts was more in the 
lymph node cells (fig. 3A and B) than splenocytes 
(Fig. 2A and B). When blastogenesis ofT cells with 
ConA, an established polyclonal stimulator for murine 
T cells, was compared, ConA was found to _be a better 
stimulator than ETE (Figs. 2B and 3B). 
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80000 

70000 

24 

B 

24 

48 
Durations'(Hrs) 

48 
Durations '(Hrs) 

72 

Fig:. ~- Pnucrn of inoorrormion of JH·dtymidinc by lymr1Jocytcs 
treated for diO"ercnt hours with ETE: A) lymphocytes from spleen, 
Bl lymphocytes from lymPh node. . 

' Fig. 5. Scanning electron microgmphs of murine lymphocytes from 
spll!cn. A) Aller 16 h of turinl!ric lrcatml!nt, lymphucytcs showing 
no signitican{ changes on j{s surface topogroph'y nnd seem to be 
healthy. B) C,ontrol, l}'mphocytes nt 16 h. 

3.3. 3H-TdR incorpordtiim in lymphocyies with ETE 
treatment 

Blast transfonnation usually is a way indicative for 
DNA synthesis in stimulator cells.· At 24 h, 3H
thymidinc incorporation was highest itl ETE treated 
lymphocytes (Fig. 4A and B). l:hus, the kinetics of 
DNA synthesis is in- agrccnicnt \vith the blastogenesis 
(Figs. 2A and B and 3A and B). Lymphocytes from 
lyniph nodes showed better response _in both the 
cotints. 



A.K. C/mknn·m·(\', II. lC1smiu./ IIIIC"matimml lmmwwplwrmacology 5 (2005) 1574-1581 1579 

Fig. h. Scanning dectnm mic:m!)"raphs uf Ehlrid1 ascitic c;~n.:inunla cells. A) Tumor cells pri.ur to turmeric treatment, showing rumcs lli~tributcd 
.:vcnly all nvcr the surl!teC': 1\' atkr I 0 mii1 of tunncric trcatmcnl. l'\!1\s showing. fonnation of cytoplasmic blebs; C) al\cr _4 ,h of tunncric 
lll'OIIIlll'lll.l'Ylllpla:'mil· hkhs Wl'rl; hmadl'l' and l'onspil'lllliLS; Dl alkr Kh lll'\rl·atnll'l1l,l'Yhlplasmit- hkhs. hn·;uw:mnncwus, edt vuJ.;\1\l'lcntls 

to decrease: [) afiw 16 h l,f tun'n.:ric trcatmcnt. loss of cdlular organi~atii:ln with disintcgratillll of plasma mt!mbr.mc; F) cOntrol, ullcr 16 h of 
cuhurl~ tumor cells n:main uncna~1g.cd.. 
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_3.4. Scanning electron microscopic study 

Murine 'Jymphocyles with in vitro tunneric lreat
ment did not show any significmit changes on its 
surface topography from that of control after 16 h 
(Fig. SA). But an increment in the size of ETE treated 
lymphocytes over the control was observed; this is 
possibly indicatiVe for blastogenesis of trc<llcd cells. 
On the other hand, tunncric treatment caused pro
gressive clmngcs ·in cell :mrri1cc of Ehlril'lt ascitil
carcinoma cells (Fig. 6U-E). Ruffles on cell surHu:c 
were distributed .evenly over its surfhcc prior to 
treatment (Fig. 6A). Within 10 min of in vitro tunneric 
treatment tumor cells starts showing fonnation of 
cytoplasm blebs ovt:f its surl~tcc (Fig. 60). These 
changes accentuated within 4 h of treatment; partic
ularly the cytoplasm blebs were broader and cone 
spicuous (Fig. 6C). After 8 h of turmeric treatment, the 
blebs became numerous and the cell volume tends to 
decrease, this was indicative of initio1tion of disinte
gration of cell structure (Fig. 60). Loss of cellular 
organization und disintt:gr;~tion uf pl:1s11m 111CI1lbmnr: 
was more pronounced at t·6 h of treatment (Fig. 6E). 
These changes clearly showed the onset of apoptosis 
in treated tumor cells, when tumor cells treated with 
alcohol (c~ntrol) remain unchanged (Jfig. 6F). 

4. Discussion 

The ETE has· been foimd to stimulatr:. the murine 
lymphocytes in gcncml. causing blastoid dillCrcntia
tion of lymphocytes in vitro, more particularly T 
lymphocytes (J7igs. 2ll and 3Il). The pl':lk nf blasto
genic response was attained by 24 h, much earlier than 
with a polyclonal stimulator like ConA. The percent
age of blasts with ETE treatment was lower than the 
percentage of blasts obtained with ConA . .IH-TdR 
incorporation by the lymphocytes treated with ETE 
also show lhc peak at 24 h (Fig. 4A and B). 

Comparison of the blastogenesis with ETE and 
ConA indicates that ETE provides blastogenic stim
ulus lbr T cells but not to the extent of a polycJonal 
stimulator like ConA. 

ViuiJility, blastogl!'nic rl!'spunsc, DNA synthesis and 
SEM resulls (Fig. SA) in 'our study show lhe promo
tional effect of ·turmeric on murine lymphocytes. 
Whereas, ;ETE treatment of Ehlrich ascitic carcinoma 

cells caused pronounced cytoplasm blebing and 
plasma membrane disintegration le<Jding t'o apoptosis. 
Several authors [11-14] observed apoptotic effect of 
tunneric on various transi'onned cells. Kim eta!. [11] 
suggests cureumin-induced apoptosis was mainly due 
to prominent downregulation of Bcl-2 and upregula
tion of Bax expressions. Khar et a!. [12], demon
strntcd that curcumi11 induced ;;~poptosis through the 
activation of caspasc-3 and by the generation of 
renl·t ive (lxygl'll i11tcnnl'diatcs. And ·according to some 
it cun even inhibit the expression of sevcml proto· 
oncogenes, such as c-jw1, c-jbs and c-myc in mouse 
skin [13] and transcription factors such as NF,KB[l4] .. 

The present investigation reports the 'novelty of 
turmeric in setting tlpoptosis to tumor cells and on Ute 
other hand activating lymphocytes. Our earlier studies 
of lymphocytes from mice treated in vivo with ETE 
clearly showed DNA synthesis and cells entering in 
mitotic cycle, whereas the treatment aiTcst the tumor 
cells at S-phasc [IS]. FACS perfonncd lhe analysis of 
cell cycle. 

Must of the nalurnl antioxidants pOsseSs either u 
phenolic group or a r\-diketonc group .. Curcumin and 
its analogues are unique, having both phenoiic ana 13-
diketone flmctional grOups on the same molecule [ 16]. 
Like Vitamin E, curcumin is a lipid soluble antioxidant 
and believed to be localized within the membranous 
sub cellular fraction of cells [17]. The presence of 
curcumin in the cell membrane might have Some 
implication for iriitiating the process of activation for 
lymphocytes and apoptosis in nmlignanl cells. 

Molecular mechanism or action of curcumin on 
cell physiology lbr two-way ellicacy on two .types or 
l'l'llt: is in the :Jgcnd:l ror our current investigation. 
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