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13.1. INTRODUCTION
Natural plant products have been used throughout human history for various purposes. Having co-evolved with animal life, many of the plants from which these natural products
are derived are billions of years old. Tens of thousands of these products are produced as secondary metabolites by higher plants as a natural defense mechanism against disease and
infection. Many of these natural products have pharmacological or biological activity that can be exploited in pharmaceutical drug discovery and drug design. Medicines derived
from plants have played a pivotal role in the health care of many cultures, both ancient and modern (Newman, Cragg, and Sander 2003; Butler 2004; Balunas and Kinghorn 2005;
Gurib-Fakim 2006; Newman and Cragg 2007). The Indian system of holistic medicine known as “Ayurveda” uses mainly plant-based drugs or formulations to treat various
ailments, including cancer. Of the at least 877 small-molecule drugs introduced worldwide between 1981 and 2002, the origins of most (61%) can be traced to natural products
(Newman and Cragg 2007). Although many synthetic drugs are produced through combinatorial chemistry, plant-based drugs are more suitable, at least in biochemical terms, for
human use. Nonetheless, modern medicine has neither held in very high esteem nor encouraged the medicinal use of natural products.

Turmeric is a plant that has a very long history of medicinal use, dating back nearly 4000 years. In Southeast Asia, turmeric is used not only as a principal spice but also as a
component in religious ceremonies. Because of its brilliant yellow color, turmeric is also known as “Indian saffron.” Modern medicine has begun to recognize its importance, as
indicated by the over 3000 publications dealing with turmeric that came out within the last 25 years. This review first discusses in vitro studies with turmeric, followed by animal
studies, and finally studies carried out on humans; the safety and efficacy of turmeric are further addressed.

13.2. ORIGIN, NOMENCLATURE, HISTORY, CULTIVATION, AND PROCESSING OF TURMERIC
The use of turmeric dates back nearly 4000 years to the Vedic culture in India, where it was used as a culinary spice and had some religious significance. It probably reached China
by 700 AD, East Africa by 800 AD, West Africa by 1200 AD, and Jamaica in the eighteenth century. In 1280, Marco Polo described this spice, marveling at a vegetable that exhibited
qualities so similar to that of saffron. According to Sanskrit medical treatises and Ayurvedic and Unani systems, turmeric has a long history of medicinal use in South Asia.
Susruta’s Ayurvedic Compendium, dating back to 250 BC, recommends an ointment containing turmeric to relieve the effects of poisoned food.

Today, turmeric is widely cultivated in the tropics and goes by different names in different cultures and countries (Table 13.1). In North India, turmeric is commonly called “haldi,”
a word derived from the Sanskrit word haridra, and in the south it is called “manjal,” a word that is frequently used in ancient Tamil literature. The name turmeric derives from the
Latin word terra merita (meritorious earth), referring to the color of ground turmeric, which resembles a mineral pigment. It is known as terre merite in French and simply as
“yellow root” in many languages. In many cultures, its name is based on the Latin word curcuma. In Sanskrit, turmeric has at least 53 different names, including anestha (not
offered for sacrifice or homa), bhadra (auspicious or lucky), bahula (plenty), dhirgharaja (long in appearance), gandhaplashika (which produces good smell), gauri (to make fair),
gharshani (to rub), haldi (that draws attention to its bright color), haridra (dear to hari, Lord Krishna), harita (greenish), hemaragi (exhibits golden color), hemaragini (gives the
golden color), hridayavilasini (gives delight to heart, charming), jayanti (one that wins over diseases), jawarantika (which cures fevers), kanchani (exhibits golden color), kaveri
(harlot), krimighni or kashpa (killer of worms), kshamata (capability), laxmi (prosperity), mangalprada (who bestows auspiciousness), mangalya (auspicious), mehagni (killer of
fat), nisha (night), nishakhya (known as night), nishawa (clears darkness and imparts color), patwaluka (perfumed powder), pavitra (holy), pinga (reddish-brown), pinja (yellow-
red powder), pita (yellow), pitika (which gives yellow color), rabhangavasa (which dissolves fat), ranjani (which gives color), ratrimanika (as beautiful as moonlight), shifa
(fibrous root), shobhna (brilliant color), shiva (gracious), shyama (dark colored), soubhagaya (lucky), survana (golden color), survanavara (which exhibits golden color), tamasini
(beautiful as night), umavara (Parvati, wife of Lord Shiva), vairagi (who remains free from desires), varavarnini (which gives fair complexion), varna datri (enhancer of body
complexion), varnini (which gives color), vishagni (killer of poison), yamini (night), yoshitapriya (beloved of wife), and yuvati (young girl).

Turmeric is a product of Curcuma longa, a rhizomatous herbaceous perennial plant belonging to the ginger family Zingiberaceae, which is native to tropical South Asia. As many
as 133 species of Curcuma have been identified worldwide (Table 13.2). Most of them have common local names and are used for various medicinal formulations. Some specific
turmeric species are shown in Figure 13.1. The turmeric plant needs temperatures between 20°C and 30°C and a considerable amount of annual rainfall to thrive. Individual plants
grow to a height of 1 m, and have long, oblong leaves. Plants are gathered annually for their rhizomes, and are reseeded from some of those rhizomes in the following season. The
rhizome, from which the turmeric is derived, is tuberous, with a rough and segmented skin. The rhizomes mature beneath the foliage in the ground. They are yellowish brown with
a dull orange interior. The main rhizome is pointed or tapered at the distal end and measures 2.5–7.0 cm (1–3 inches) in length and 2.5 cm (1 inch) in diameter, with smaller tubers
branching off. When the turmeric rhizome is dried, it can be ground to a yellow powder with a bitter, slightly acrid, yet sweet, taste.

India produces nearly all of the world’s turmeric crop and consumes 80% of it. With its inherent qualities and high content of the important bioactive compound curcumin, Indian
turmeric is considered to be the best in the world. Erode, a city in the South Indian state of Tamil Nadu, is the world’s largest producer of and the most important trading center for
turmeric. It is also known as “Yellow City,” “Turmeric City,” or “Textile City.” Sangli, a city of Maharashtra, is second only to Erode in size and importance as a production and
trading site for turmeric.

Before turmeric can be used, the turmeric rhizomes must be processed. Rhizomes are boiled or steamed to remove the raw odor, gelatinize the starch, and produce a more uniformly
colored product. In the traditional Indian process, rhizomes were placed in pans or earthenware filled with water and then covered with leaves and a layer of cow dung. The
ammonia in the cow dung reacted with the turmeric to give the final product. For hygienic reasons, this method has been discouraged. In present-day processing, rhizomes are
placed in shallow pans in large iron vats containing 0.05–0.1% alkaline water (e.g., solution of sodium bicarbonate). The rhizomes are then boiled for between 40–45 minutes (in
India) or 6 hours (in Hazare, Pakistan), depending on the variety. The rhizomes are removed from the water and dried in the sun immediately to prevent overcooking. The final
moisture content should be between 8% and 10% (wet basis). When finger tapping of the rhizome produces a metallic sound, it is sufficiently dry. The dried rhizomes are polished
to remove the rough surface. Sometimes, lead chromate is used to produce a better finish, but for obvious reasons this practice should be actively discouraged. The powder
maintains its coloring properties indefinitely, although the flavor may diminish over time. Protecting the turmeric powder from sunlight retards the rate of deterioration.

13.3. COMPOSITION OF TURMERIC

More than 100 components have been isolated from turmeric. The main component of the root is a volatile oil, containing turmerone, and there are other coloring agents called
curcuminoids in turmeric. Curcuminoids consist of curcumin demethoxycurcumin, 5’-methoxycurcumin, and dihydrocurcumin, which are found to be natural antioxidants (Ruby et
al. 1995; Selvam et al. 1995). In a standard form, turmeric contains moisture (>9%), curcumin (5–6.6%), extraneous matter (<0.5% by weight), mould (<3%), and volatile oils
(<3.5%). Volatile oils include d-α-phellandrene, d-sabinene, cinol, borneol, zingiberene, and sesquiterpenes (Ohshiro, Kuroyanag, and Keno 1990). There are a variety of
sesquiterpenes, like germacrone; termerone; ar-(+)-, α-, and β-termerones; β-bisabolene; α-curcumene; zingiberene; β-sesquiphellanderene; bisacurone; curcumenone;
dehydrocurdione; procurcumadiol; bis-acumol; curcumenol; isoprocurcumenol; epiprocurcumenol; procurcumenol; zedoaronediol; and curlone, many of which are specific for a
species. The components responsible for the aroma of turmeric are turmerone, arturmerone, and zingiberene. The rhizomes are also reported to contain four new polysaccharides-
ukonans along with stigmasterole, β-sitosterole, cholesterol, and 2-hydroxymethyl anthraquinone (Kapoor 1990; Kirtikar and Basu 1993). Nutritional analysis showed that 100 g of
turmeric contains 390 kcal, 10 g total fat, 3 g saturated fat, 0 mg cholesterol, 0.2 g calcium, 0.26 g phosphorous, 10 mg sodium, 2500 mg potassium, 47.5 mg iron, 0.9 mg thiamine,
0.19 mg riboflavin, 4.8 mg niacin, 50 mg ascorbic acid, 69.9 g total carbohydrates, 21 g dietary fiber, 3 g sugars, and 8 g protein (Balakrishnan 2007). Turmeric is also a good
source of the ω-3 fatty acid and α-linolenic acid (2.5%; Goud, Polasa, and Krishnaswamy 1993).

13.4. CONSUMPTION AND IMPORTANCE OF TURMERIC
Turmeric has been put to use as a foodstuff, cosmetic, and medicine. It is widely used as a spice in South Asian and Middle Eastern cooking. It lends curry its distinctive yellow
color and flavor. It is used as a coloring agent in cheese, butter, and other foods (Govindarajan 1980; Ammon and Wahl 1991). As a result of Indian influence, turmeric has made its
way into Ethiopian cuisine. In South Africa, turmeric is traditionally used to give boiled white rice a golden color. Turmeric is also used in manufactured food products such as
canned beverages, dairy products, baked products, ice cream, yellow cakes, yogurt, orange juice, biscuits, popcorn, sweets, cake icings, cereals, sauces, and gelatins. It is a
significant ingredient in most commercial curry powders. Turmeric has numerous uses in Asian cuisine. It is used in savory and sweet dishes, and is widely used in Eastern
specialties such as fresh turmeric pickle. The reported consumption of turmeric in Asian countries in humans is in the range of 200–1000 mg/day (Thimmayamma, Rau, and
Radhaiah 1983; Polasa et al. 1991) or 160–440 g/person/year (Krishnaswamy 1996). Intake in urban areas is lower (200 mg/day) than in rural areas (600 mg/day/person;
Thimmayamma, Rau, and Radhaiah 1983).

According to some estimates, as much as USD $10 billion is spent every year on alternative therapies. Over USDA $650 million is spent on botanical supplements that are used for
chronic inflammatory diseases such as chronic obstructive airways disease (COPD), asthma, and rheumatoid arthritis. Botanical supplements have been used for centuries in
traditional medicine, including Ayurveda (science of long life), Chinese medicine, Kampo (Japanese medicine), and Egyptian medicine. Several of the medicines that are
traditionally used exhibit anti-inflammatory activities (Garodia et al. 2007; Aggarwal et al. 2006). Turmeric is one such herb.

Turmeric is used as an herbal medicine for rheumatoid arthritis, chronic anterior uveitis, conjunctivitis, skin cancer, small pox, chicken pox, wound healing, urinary tract infections,
and liver ailments (Dixit, Jain, and Joshi 1988). It is also used for digestive disorders; to reduce flatus, jaundice, menstrual difficulties, and colic; for abdominal pain and distension
(Bundy et al. 2004); and for dyspeptic conditions including loss of appetite, postprandial feelings of fullness, and liver and gallbladder complaints. It has anti-inflammatory,
choleretic, antimicrobial, and carminative actions (Mills and Bone 2000). The main clinical targets of turmeric are the digestive organs: in the intestine, for treatment of diseases
such as familial adenomatous polyposis (Cruz-Correa et al. 2006); in the bowels, for treatment of inflammatory bowel disease (Hanai and Sugimoto 2009); and in the colon, for
treatment of colon cancer (Naganuma et al. 2006). For arthritis, dosages of 8–60 g of fresh turmeric root three times daily have been recommended (Fetrow and Avila 1999). For
dyspepsia, 1.3–3.0 g of turmeric root is recommended. No known interaction of drugs with turmeric has been reported by the monographs of the German regulatory authority,
Commission E (Blumenthal, Goldberg, and Brinckmann 2000).

13.5. TURMERIC AS A TRADITIONAL MEDICINE
In folk medicine, turmeric has been used in therapeutic preparations over the centuries in different parts of the world. In Ayurvedic practices, turmeric is thought to have many
medicinal properties including strengthening the overall energy of the body, relieving gas, dispelling worms, improving digestion, regulating menstruation, dissolving gallstones,
and relieving arthritis. Many South Asian countries use it as an antiseptic for cuts, burns, and bruises, and as an antibacterial agent. In Pakistan, it is used as an anti-inflammatory
agent, and as a remedy for gastrointestinal discomfort associated with irritable bowel syndrome and other digestive disorders. In Pakistan and Afghanistan, turmeric is used to
cleanse wounds and stimulate their recovery by applying it on a piece of burnt cloth that is placed over a wound. Indians use turmeric, in addition to its Ayurvedic applications, to
purify blood and remedy skin conditions. Turmeric paste is used by women in some parts of India to remove superfluous hair. Turmeric paste is applied to the skin of the bride and
groom before marriage in some parts of India, Bangladesh, and Pakistan, where it is believed to make the skin glow and keep harmful bacteria away from the body. Turmeric is
currently used in the formulation of several sunscreens. Several multinational companies are involved in making face creams based on turmeric.

In Ayurvedic medicine, turmeric is a well-documented treatment for various respiratory conditions (e.g., asthma, bronchial hyperactivity, and allergy), as well as for liver disorders,
anorexia, rheumatism, diabetic wounds, runny nose, cough, and sinusitis (Araujo and Leon 2001). In traditional Chinese medicine, it is used to treat diseases associated with
abdominal pain (Aggarwal, Ichikawa, and Garodia 2004). From ancient times, as prescribed by Ayurveda, turmeric has been used to treat sprains and swelling (Araujo and Leon
2001). In both Ayurvedic and traditional Chinese medicine, turmeric is considered a bitter digestive and a carminative. Unani practitioners also use turmeric to expel phlegm or
kapha, as well as to open blood vessels in order to improve blood circulation. It can be incorporated into foods, including rice and bean dishes, to improve digestion and reduce gas
and bloating. It is a cholagogue, stimulating bile production in the liver and encouraging excretion of bile via the gallbladder, which improves the body’s ability to digest fats.
Sometimes, turmeric mixed with milk or water is taken to treat intestinal disorders as well as colds and sore throats.

13.6. FROM TRADITIONAL MEDICINE TO MODERN MEDICINE
Although modern medicine has been routinely used in treatment of various diseases, it is less than 100 years old. Traditional medicine, in comparison, has served mankind for
thousands of years, is quite safe and effective. The mechanism or the scientific basis of traditional medicine, however, is less well understood.

13.6.1. IN VITRO STUDIES WITH TURMERIC

Throughout the Orient, turmeric is traditionally used for both prevention and therapy of diseases. Modern in vitro studies reveal that turmeric is a potent antioxidant, anti-
inflammatory, antimutagenic, antimicrobial, and anticancer agent (Table 13.3). Turmeric, used in cooking and in home remedies, has significant antioxidant abilities at different
levels of action. Studies indicate that sufficient levels of turmeric may be consumed from curries in vivo to ensure adequate antioxidant protection. (Tilak et al. 2004). As an
antioxidant, turmeric extracts can scavenge free radicals, increase antioxidant enzymes, and inhibit lipid peroxidation. Turmeric (100 µg/mL) inhibits lipid peroxidation in renal
cells against hydrogen peroxide-induced injury when incubated with cells for 3 hours (Cohly et al. 1998). Using Salmonella typhimurium strains TA 100 and TA 1535, a
mutagenicity study showed that turmeric inhibits the mutagenicity produced by direct-acting mutagens such as N-methyl N’-nitro-N-nitrosoguanidine and sodium azide. Turmeric
extracts were found to inhibit microsomal activation-dependent mutagenicity of 2-acetamidofluorene (Soudamini et al. 1995).

Numerous lines of evidence suggest that turmeric exhibits anti-inflammatory activity. In one study, crude organic extracts of turmeric were found to inhibit lipopolysaccharide
(LPS)-induced production of tumor necrosis factor (TNF)-α (median inhibitory concentration [IC ] value = 15.2 µg/mL) and prostaglandin E2 (PGE2; IC  value = 0.92 µg/mL)
from HL-60 cells. A combination of several fractions that contained the turmeric oils was more effective than curcuminoids in inhibiting PGE2 production (Lantz et al. 2005). A
hydroethanolic extract of turmeric was recently found to inhibit activation of human dendritic cells in response to inflammatory cytokines (Krasovsky et al. 2009).

Besides these properties, turmeric has strong antimicrobial properties. The growth of histamine-producing bacteria (Vibrio parahaemolyticus, Bacillus cereus, Pseudomonas
aeruginosa, and Proteus mirabilis) was inhibited by garlic and turmeric extracts at a 5% concentration (Paramasivam, Thangaradjou, and Kannan 2007). Turmeric was also found
to inhibit histamine production in Morganella morganii (potent histamine-producing bacteria). However, inhibition of histamine production and histidine decarboxylase activity of
turmeric is less than that of clove and cinnamon (Shakila, Vasundhara, and Rao 1996). Turmeric extract was found to inhibit growth of the foodborne pathogen V. parahaemolyticus
with good sensitivity (Yano, Satomi, and Oikawa 2006). A methanolic extract of turmeric inhibited the growth of different strains of Helicobacter pylori with a minimum inhibitory
concentration range of 6.25–50.0 µg/mL (Mahady et al. 2002). Among the various plant extracts that killed H. pylori, such as cumin, ginger, chili, borage, black caraway, oregano,
and licorice, turmeric was found to be the most efficient (O’Mahony et al. 2005).

Ethanolic extracts of C. longa have good antifungal activity against Trichophyton longifusus (Khattak et al. 2005). Tests using the agar disc diffusion method for detecting
antifungal activity showed that a crude ethanolic extract of turmeric killed all 29 tested clinical strains of dermatophytes. This extract exhibited an inhibition zone range of 6.1–26.0
mm (Wuthi-udomlert et al. 2000).

The anticancer activities of turmeric include inhibiting cell proliferation and inducing apoptosis of cancer cells. Ar-turmerone, which is isolated from turmeric, induced apoptosis in
human leukemia Molt 4B and HL-60 cells by fragmenting DNA to oligonucleosome-sized fragments, a known step in the process of apoptosis (Aratanechemuge et al. 2002).
Moreover, the nucleosomal DNA fragmentation induced by ar-turmerone was associated with induction of Bax and p53 proteins, rather than B cell lymphoma 2 (Bcl-2) and p21,
and activation of mitochondrial cytochrome c and caspase-3 (Lee 2009). This study showed that turmeric extract repressed the production and secretion of hepatitis B surface
antigen from HepG 2.2.15 cells, an activity that is mediated through the enhancement of cellular accumulation of p53 protein by transactivating the transcription of the p53 gene as
well as increasing the stability of the p53 protein (Kim et al. 2009).

13.6.2. IN VIVO STUDIES WITH TURMERIC

Both the preventive and therapeutic effects of turmeric have been examined in animal models (Table 13.4). These studies report that this yellow spice exhibits anticancer (Azuine
and Bhide 1994; Deshpande, Ingle, and Maru 1997; Garg, Ingle, and Maru 2008), hepatoprotective (Miyakoshi et al. 2004), cardioprotective (Mohanty, Arya, and Gupta 2006),
hypoglycemic (Kuroda et al. 2005; Honda et al. 2006), and antiarthritic properties (Funk et al. 2006).

In various models, turmeric has been reported to exhibit activity against the development of skin cancer (Villaseñlor, Simon, and Villanueva 2002), breast cancer (Deshpande, Ingle,
and Maru 1998a), oral cancer (Azuine and Bhide 1992a), and stomach cancer (Azuine and Bhide 1992b). It prevents carcinogenesis at various steps, including inhibiting mutation
(Polasa et al. 1991), detoxifying carcinogens (Thapliyal, Deshpande, and Maru 2001), decreasing cell proliferation, and inducing apoptosis of tumor cells (Garg, Ingle, and Maru
2008). Turmeric extract prevents animal tumors induced by Dalton’s lymphoma (Kuttan et al. 1985). In this study, mice were injected with Dalton’s lymphoma cells
intraperitoneally and treated with turmeric extract (10–40 mg/animal) for 10 days. After 30 days, the authors found up to 80% decrease in tumor formation in comparison with
nontreated mice (Figure 13.2a). They also observed that up to 75% of animals survived after 30 days and 50% after 60 days of treatment (Figure 13.2b). In a 7,12-
dimethylbenz(a)anthracene (DMBA)-induced hamster buccal pouch model of carcinogenesis, dietary turmeric (1%) decreased tumor burden and multiplicity and enhanced the
latency period in parallel. The mechanisms of anticarcinogenesis were mediated through inhibition of DMBA-induced expression of the ras oncogene product, induction of p21 and
its downstream targets, mitogen-activated protein kinases, and reduction of proliferating cell nuclear antigen and Bcl-2 expression. Turmeric also enhanced apoptosis (increased
expression of Bax, caspase-3, and apoptotic index), decreased inflammation (levels of cyclooxygenase [COX]-2, the downstream target of activator protein-1/nuclear factor KB
[NF-KB], and PGE2), and induced aberrant expression of known differentiation markers, that is, cytokeratins (Garg, Ingle, and Maru 2008).

Topical application of turmeric was found to decrease multiplicity and onset of skin tumors (Villaseñor, Simon, and Villanueva 2002). Dietary administration of 1% turmeric per
0.05% ethanolic turmeric extract was found to inhibit DMBA-induced mammary tumorigenesis in female Sprague–Dawley rats (Deshpande, Ingle, and Maru 1998a). Dietary
turmeric inhibited ethyl(acetoxymethyl) nitrosamine-induced oral carcinogenesis in Syrian hamsters. However, the inhibitory effect of a combination of turmeric and betel leaf
extract was found to be higher than that of the individual constituents (Azuine and Bhide 1992a). Administration of turmeric extract at a dose of 3 mg/animal 18 hours prior to
intraperitoneal (i.p.) injection of benzo[a]pyrene (BaP; 250 mg/kg) significantly inhibited bone marrow micronuclei formation in female Swiss mice. Moreover, the incidence and
multiplicity of BaP-induced forestomach tumors in female Swiss mice were significantly inhibited by turmeric extract (Azuine, Kayal, and Bhide 1992). Chandra Mohan, Abraham,
and Nagini (2004) also showed that pretreatment with turmeric alone and in combination with tomato and garlic extract significantly lowered the frequencies of DMBA-induced
bone marrow micronuclei, as well as the extent of lipid peroxidation. They revealed that these changes may be mediated by the antioxidant-enhancing effects of the dietary agents.
Combined treatment of urethane, a well-known mutagen, and turmeric displayed an inhibition of the genotoxic effect of urethane by turmeric (el Hamss et al. 1999). Decrease in
tumorigenesis caused by turmeric is also associated with inhibition of DNA adduct formation. Turmeric inhibited the levels of BaP-induced DNA adducts in the livers of rats.
Inclusion of turmeric at 0.1%, 0.5%, and 3.0% in the diet for 4 weeks significantly decreased the level of BaP–DNA adducts, including the major adduct dG-N2-BaP, formed within
24 hours in response to a single i.p. BaP injection (Mukundan et al. 1993). Irrespective of whether turmeric was included in the diet or applied locally, it significantly decreased
DMBA-induced DNA adducts at the target site and consequently lowered the number of tumors and tumor burden in the studied animals (Krishnaswamy et al. 1998). Turmeric
contains several substances capable of inhibiting chemical carcinogenesis. It enhanced the xenobiotic-metabolizing enzymes in the hepatic tissue of rats fed with 0.5–1.0% turmeric
in the diet. Detoxifying enzymes such as uridine diphosphate (UDP), glucuronyl transferase, and glutathione-S-transferase significantly increased in turmeric-fed mice as compared
with control animals (Goud, Polasa, and Krishnaswamy 1993).

Ethanolic turmeric extract was found to have opposing actions on murine lymphocytes and on Ehlrich ascitic carcinoma cells. Turmeric enhances lymphocyte viability and
blastogenesis, but induces formation of cytoplasmic blebs and plasma membrane disintegration of tumor cells. Thus, it is suggested that turmeric is a conducive agent for
lymphocytes and inhibitory as well as apoptosisinducing for tumor cells (Chakravarty and Yasmin 2005). A comparative study of edible plants like C. longa and F. caraica, and
herbaceous plants like Gossypium barbadense and Ricinus communis extracts for their antitumor activities showed that the edible plant extracts exhibited higher antitumorigenic
activities. Thus, edible plants that show in vivo antitumor activities may be recommended as safe sources of antitumor compounds (Amara, El-Masry, and Bogdady 2008).

Turmeric showed antioxidant potential by lowering oxidative stress in animals. A study showed that a diet containing 0.1% turmeric fed for 3 weeks to retinol-deficient rats lowered
lipid peroxidation rates by 22.6% in liver, 24.1% in kidney, 18.0% in spleen, and 31.4% in brain (Kaul and Krishnakantha 1997). A study conducted on mice showed that turmeric
extract inhibited membrane phospholipid peroxidation and increased liver lipid metabolism, which indicates turmeric extract has the ability to prevent the deposition of
triacylglycerols in the liver. Dietary supplementation for one week (1% w/w of diet) with a turmeric extract showed lower phospholipids hydroperoxide level in mice red blood
cells (RBC). The liver lipid peroxidizability induced with Fe /ascorbic acid was effectively suppressed by dietary supplementation with turmeric (Asai, Nakagawa, and Miyazawa
1999). Oral administration of a nutritional dose of turmeric extract decreased susceptibility to oxidation of erythrocyte and liver microsome membranes in vitro. When turmeric
hydroalcoholic extract (1.66 mg/kg of body weight) was given to rabbits fed a high-fat diet, oxidation of erythrocyte membranes was found to be significantly lower than that in
membranes of control animals. Levels of hydroperoxides and thiobarbituric acid-reactive substances in liver microsomes were also low (Mesa et al. 2003). Turmeric also seems
beneficial in preventing diabetes-induced oxidative stress. In diabetic rats, an AIN93 diet containing 0.5% turmeric was found to control oxidative stress by inhibiting increases in
thiobarbituric acid-reactive substances and protein carbonyls and reversing altered antioxidant enzyme activities without altering the hyperglycemic state (Arun and Nalini 2002;
Suryanarayana et al. 2007). This diet also inhibited expression of vascular endothelial growth factor in diabetic rats (Mrudula et al. 2007). Further, it suppressed increase in blood
glucose level in type 2 diabetic KK-Ay mice. A dose of 0.2 or 1.0 g of ethanol extract, 0.5 g of hexane extract, and 0.5 g of hexane-extraction residue per 100 g of diet in the mice
feed suppressed significant increase in blood glucose levels. The ethanol extract of turmeric also stimulated human adipocyte differentiation, and it showed human peroxisome
proliferator-activated receptor-gamma (PPAR-γ) ligand-binding activity (Nishiyama et al. 2005). Further, turmeric appeared to minimize osmotic stress. Most importantly,
aggregation and insolubilization of lens proteins due to hyperglycemia was prevented by turmeric, indicating that it prevents or delays the development of cataracts (Suryanarayana
et al. 2005).

Turmeric has been reported to be hepatoprotective. Diets containing turmeric extract suppressed increases in lactate dehydrogenase (LDH), alanine aminotransferase (ALT), and
aspartate aminotransferase (AST) levels caused by D-galactosamine-induced liver injury in rats (Miyakoshi et al. 2004). A 5% turmeric extract decreased carbon tetrachloride–
induced increases in serum levels of bilirubin, cholesterol, AST, ALT, and alkaline phosphatase (ALP) in mice (Deshpande et al. 1998b). In female Wistar rats fed a diet containing
0%, 0.2%, 1.0%, or 5.0% turmeric, nitrosodiethylamineinduced hepatocarcinogenesis was inhibited. This effect was detected by measuring the numbers of γ-glutamyl
transpeptidase–positive foci, a marker of hepatocarcinogenesis (Thapliyal et al. 2003).

Turmeric is also effective against neuronal, cardiac, and kidney disorders. The effect of turmeric on myocardial apoptosis and cardiac function was examined in an ischemia and
reperfusion model of myocardial injury. Turmeric at 100 mg/kg administered for 1 month afforded significant cardioprotection and functional recovery that was attributed to
reduction in cell death (Mohanty, Arya, and Gupta 2006).

Turmeric is also useful against depression (Yu, Kong, and Chen 2002; Xia et al. 2006; Xia et al. 2007). Its ethanolic extract markedly attenuated swim stress–induced decreases in
serotonin, 5-hydroxyindoleacetic acid, and noradrenaline and dopamine concentrations, as well as increases in serotonin turnover. Also, this extract significantly reversed swim
stress–induced increases in serum corticotropin-releasing factor and cortisol levels and thus regulated neurochemical and neuroendocrine systems in mice (Xia et al. 2007). In
another study, administration of aqueous extracts of turmeric to mice (140–560 mg/kg for 14 days) reduced immobility in the tail suspension test and the forced swimming test (Yu,
Kong, and Chen 2002). The effects of 560-mg/kg turmeric were found to be more potent than those of the antidepressant fluoxetine. The extracts significantly inhibited brain
monoamine oxidase (MAO)-A activity at a low dose, but at a higher dose, they inhibited brain MAO-B activity. In comparison, fluoxetine showed only a tendency to inhibit MAO-
A and -B activity in animal brains. These results demonstrate that turmeric has specific antidepressant effects in vivo. However, since curcumin is not water soluble, the agent in
aqueous extracts of turmeric responsible for this activity is not clear.

The antiarthritic effects of turmeric include inhibition of joint inflammation and periarticular joint destruction. In vivo treatment with turmeric extract prevented local activation of
NF-κB and the subsequent expression of NF-κB-regulated genes mediating joint inflammation and destruction, including chemokines, COX-2, and the receptor activator of NF-κB
ligand (RANKL). It also inhibited inflammatory cell influx, joint levels of PGE2, and periarticular osteoclast formation in rats (Funk et al. 2006). Turmeric was found to be
effective against carrageenan-induced edema in rats (Yegnanarayan, Saraf, and Balwani 1976), and water extracts of turmeric were more active than alcohol extracts in the
inhibition of carrageenan-induced edema. Turmeric extract, when given intraperitoneally, was found to be more active than hydrocortisone (Ghatak and Basu 1972). The yellow
powder of turmeric is known to have potent vasorelaxant activity and to decrease the atherogenic properties of cholesterol. A study showed that supplementation of turmeric in the
diet controlled arterial blood pressure in animals and enhanced vasorelaxant responses to adenosine, acetylcholine, and isoproterenol (Zahid Ashraf, Hussain, and Fahim 2005).
Turmeric’s antiatherosclerotic effect is associated with inhibition of low-density lipoprotein oxidation, prevention of lipoperoxidation, and reduction in levels of cholesterol (Quiles
et al. 1998; Ramírez-Tortosa et al. 1999). A study showed that feeding an ethanolic extract of turmeric to rats elevated the high-density lipoprotein (HDL)-cholesterol/total
cholesterol ratio. The extract also caused a significant decrease in the ratio of total cholesterol/phospholipids. Turmeric extract exhibited better cholesterol and triglyceride lowering
(85% and 88%, respectively) as compared to Nardostachys jatamansi extract in tritoninduced hyperlipidemic rats (Dixit, Jain, and Joshi 1988). Turmeric suppresses Freund’s
adjuvantinduced arthritis and acute edema in rats, and it has also been reported that oil extract of turmeric is more active than cortisone (Chandra and Gupta 1972).

Another interesting property of turmeric is its wound-healing ability. Gujral, Chowdhury, and Saxena (1953) found that turmeric has the property of healing wounds and ulcers in
rats and rabbits. Other studies in rabbits revealed that stimulation of mucin secretion could protect the stomach from ulcer (Mukerji, Zaidi, and Singh 1961).

Besides causing these effects, addition of turmeric to the diet significantly improved weight gain of broiler chicks and reduced their relative liver weight. Turmeric also ameliorated
the adverse effects of aflatoxin on some serum chemistry parameters (total protein, albumin, cholesterol, calcium) in broiler chicks and restored antioxidant functions in terms of
level of peroxides, superoxide dismutase activity, and total antioxidant concentration in their livers (Gowda et al. 2008).

Turmeric acts as a digestive stimulant. As a dietary supplement, it favorably enhanced the activities of pancreatic lipase, chymotrypsin, and amylase. Moreover, turmeric mixed
with other spices such as coriander, red chili, black pepper, and cumin brought about a pronounced stimulation of bile flow and bile acid secretion (Platel et al. 2002). Mukerji,
Zaidi, and Singh (1961) showed that turmeric increases the mucin content of gastric juice in rabbits. Studies conducted by Farnsworth and Bunyapraphatsara (1992), Supniewski
and Hano (1935), and Prucksunand et al. (2001) explain that turmeric has local anesthetic action. After eating turmeric, secretion of gastrin hormone from the antrum of the
stomach may be inhibited. Turmeric may possess local membrane-anesthetizing activity at the antrum of the stomach, which then inhibits secretion of gastrin in the same way as
oxethazaine, the active ingredient of strocain (Masuda 1973). This is the reason turmeric is administered before meals.

13.6.3. CLINICAL STUDIES USING TURMERIC

Turmeric has been tested against various diseases in humans (Table 13.5). In one study, the antimutagenic effects of turmeric were examined in 16 chronic smokers (Polasa et al.
1992). Turmeric was given in doses of 1.5 g/day for 30 days, and this was found to significantly reduce the urinary excretion of mutagens in these smokers. In six nonsmokers, on
the other hand, no change in urinary excretion of mutagens was noted. These results suggest that dietary turmeric is an effective antimutagen and may be useful in
chemoprevention. In another study, the effect of turmeric was examined on patients with irritable bowel syndrome. When 1 or 2 tablets of a standardized turmeric extract were
given daily for 8 weeks, the prevalence of irritable bowel syndrome was significantly decreased, as was the abdominal pain/discomfort score (Bundy et al. 2004). Alcoholic extract
of turmeric offered protection against BaP-induced increase in micronuclei in circulating lymphocytes of healthy individuals (Hastak et al. 1997). In a subsequent study, the authors
treated patients suffering from oral submucous fibrosis (OSF) with turmeric extract (3 g/day) for 3 months. The number of micronuclei from oral exfoliated cells of OSF patients
before and after treatment with turmeric extract was recorded. They found that the number of micronuclei in oral exfoliated cells decreased substantially and was comparable with
that of normal, healthy individuals (Figure 13.3).

Turmeric was also found useful in healing peptic ulcers. In a phase II clinical trial, 45 patients with peptic ulcer received capsule-filled turmeric orally in the dose of 2 capsules (300
mg each) five times daily. After 4 weeks of treatment, ulcers were found to be absent in 48% of cases. After 12 weeks of treatment, ulcer-free cases increased to 76% (Prucksunand
et al. 2001). A double-blind trial found turmeric to be helpful for people with indigestion and for people with stomach or intestinal ulcers, but it was shown to be less effective than
antacids (Kositchaiwat, Kositchaiwat, and Havanondha 1993). An ethanol extract of turmeric was found to produce remarkable symptomatic relief in patients with external
cancerous lesions. In a study of 62 patients, reduction in smell was noted in 90% of the cases and reduction of itching in almost all cases. Some patients (10%) had a reduction in
lesion size and pain (Kuttan, Sudheeran, and Joseph 1987).

A study on eight healthy subjects showed that the presence of turmeric in curry increases bowel motility and activates hydrogen-producing bacterial flora in the colon, thereby
increasing the concentration of breath hydrogen (Shimouchi et al. 2008). Turmeric paste is used to heal wounds or to protect against infection. In certain parts of Bangladesh,
turmeric is the most common application on the cut umbilical cord after delivery (Alam et al. 2008).

13.7. STUDIES WITH TURMERIC OIL
Turmeric has medicinal properties due to its bioactive components. One of the important components of turmeric is its volatile oil. The role of turmeric oil in in vitro animals and in
human is shown in Table 13.6. Turmeric oil inhibits Trichophyton-induced dermatophytosis in guinea pigs. Apisariyakul, Vanittanakom, and Buddhasukh (1995) showed that 15
different isolates of dermatophytes are inhibited by turmeric oil at dilutions of 1:40 to 1:320. Interestingly, none of the dermatophyte isolates was inhibited by curcumin. Studies of
the antiviral effects of the zedoary turmeric oil spray in the respiratory tract showed that whereas influenza virus, parainfluenza viruses I and III, respiratory syncytial virus, and
adenoviruses 3 and 7 were inhibited slightly, parainfluenza virus II was significantly inhibited by this turmeric compound (Huang et al. 2007). Curcuma oil ameliorated the
ischemia-induced neurological functional deficits and the infarct and edema volumes in rats. It downregulated inducible nitric oxide (NO) synthase (iNOS)-derived NO produced
during ischemic injury, which coincided with an increased survival rate of neurons (Dohare et al. 2008). The neuroprotective activity of curcuma oil against cerebral ischemia is
associated with its antioxidant activities. Further, cucurma oil attenuated delayed neuronal death via a caspase-dependent pathway. Thus, curcuma oil appears to be a promising
agent for the treatment of not only cerebral stroke but also other disorders associated with oxidative stress (Rathore et al. 2008). A study revealed that ingestion of turmeric
oleoresin and essential oil inhibits the development of increased blood glucose and abdominal fat mass in obese, diabetic rats (Honda et al. 2006).

Turmeric volatile oil is effective against disorders of the respiratory tract. The volatile oil is active in removing sputum, relieving cough, and preventing asthma. Thus, turmeric
volatile oil may be an efficacious drug in the treatment of respiratory diseases (Li et al. 1998). This oil acts as a repellent against both day- and night-biting mosquitoes (Tawatsin et
al. 2001).

Hexane extracts of C. comosa, an indigenous plant of Thailand that is traditionally used for the treatment of uterine inflammation, at concentrations of 0.1, 0.5, and 1 µM were
found to significantly decrease LPS-induced NO and PGE2 production. It also decreased the expression of iNOS and COX-2 (Thampithak et al. 2009).

13.8. SAFETY, EFFICACY, AND CONTRAINDICATIONS
The use of turmeric as a spice and as a household remedy has been known to be safe for centuries. To date, no studies in either animals or humans have discovered any toxic effects
associated with the use of turmeric (Lao et al. 2006), and it is clear that turmeric is not toxic even at very high doses. The U.S. Food and Drug Administration (FDA) has conducted
its own clinical trials with turmeric and published a 300-page monograph. The FDA has declared turmeric and its active component curcumin as GRAS (generally regarded as safe).
Thus, in the United States, turmeric and its components are currently being used in mustard, cereals, chips, cheese, butter, and other products
(http://www.kalsec.com/products/color). In a phase I clinical study on the safety and tolerance of turmeric oil use, the oil was administered orally to healthy volunteers for 3
months. No side effects of turmeric oil intake were observed in 3 months on body weight, blood pressure, and hematological, renal, or hepatic toxicity (Joshi et al. 2003).

13.9. CONCLUSIONS

The beneficial effects of turmeric are traditionally achieved through dietary consumption, even at low levels, over long periods of time. A precise understanding of effective dose,
safety, and mechanism of action is required for the rational use of turmeric in the treatment of human diseases. Further clinical studies are warranted if turmeric is to be employed in
meeting human needs and improving human welfare. The activities of turmeric include antibacterial, antiviral, anti-inflammatory, antitumor, antioxidant, antiseptic,
cardioprotective, hepatoprotective, nephroprotective, radioprotective, and digestive activities. Phytochemical analysis of turmeric has revealed a large number of compounds,
including curcumin, volatile oil, and curcuminoids, which have been found to have potent pharmacological properties.

REFERENCES

1. Adaramoye O. A, Medeiros I. A. 2008Involvement of Na(+)-Ca (2+) exchanger in the endothelium- independent vasorelaxation induced by Curcuma longa L. in isolated rat
superior mesenteric arteries J Smooth Muscle Res 2008 44(5):151–8. [PubMed: 19122379]

2. Aggarwal B. B, Ichikawa H, Garodia P. et al. From traditional Ayurvedic medicine to modern medicine: Identification of therapeutic targets for suppression of inflammation
and cancer. Expert Opin Ther Targets. 2006;10:87–118. [PubMed: 16441231]

3. Aggarwal B. B, Takada Y, Oommen O. V. From chemoprevention to chemotherapy: Common targets and common goals. Expert Opin Investig Drugs. 2004;3:1327–38.
[PubMed: 15461561]

4. Alam M. A, Ali N. A, Sultana N. et al. Newborn umbilical cord and skin care in Sylhet District, Bangladesh: Implications for the promotion of umbilical cord cleansing with
topical chlorhexidine. J Perinatol. 2008;28:S61–8.. [PMC free article: PMC2929163] [PubMed: 19057570]

5. Amara A. A, El-Masry M. H, Bogdady H. H. Plant crudeextracts could be the solution: Extracts showing in vivo antitumorigenic activity. Pak J Pharm Sci. 2008;21:159–71.
[PubMed: 18390447]

6. Ammon H. P, Wahl M. A. Pharmacology of Curcuma longa. Planta Med. 1991;57:1–7. [PubMed: 2062949]
7. Apisariyakul A, Vanittanakom N, Buddhasukh D. Antifungal activity of turmeric oil extracted from Curcuma longa (Zingiberaceae). J Ethnopharmacol. 1995;49:163–9.

[PubMed: 8824742]
8. Aratanechemuge Y, Komiya T, Moteki H, Katsuzaki H, Imai K, Hibasami H. Selective induction of apoptosis by ar-turmerone isolated from turmeric (Curcuma longa L.) in

two human leukemia cell lines, but not in human stomach cancer cell line. Int J Mol Med. 2002;9:481–4. [PubMed: 11956652]
9. Araújo M. C, Dias F. L, Takahashi C. S. Potentiation by turmeric and curcumin of gamma- radiation-induced chromosome aberrations in Chinese hamster ovary cells.

Teratog Carcinog Mutagen. 1999;19:9–18. [PubMed: 10321406]
10. Araujo C. C, Leon L. L. Biological activities of Curcuma longa L. Mem Inst Oswaldo Cruz. 2001;96:723–8. [PubMed: 11500779]
11. Arora R. B, Kapoor V, Basu N, Jain A. P. Anti-inflammatory studies on Curcuma longa (turmeric). Indian J Med Res. 1971;59:1289–95. [PubMed: 5132235]
12. Arun N, Nalini N. Efficacy of turmeric on blood sugar and polyol pathway in diabetic albino rats. Plant Foods Hum Nutr. 2002;57:41–52. [PubMed: 11855620]
13. Asai A, Nakagawa K, Miyazawa T. Antioxidative effects of turmeric, rosemary and capsicum extracts on membrane phospholipid peroxidation and liver lipid metabolism in

mice. Biosci Biotechnol Biochem. 1999;63:2118–22. [PubMed: 10664844]
14. Azuine M. A, Bhide S. V. Protective single/combined treatment with betel leaf and turmeric against methyl (acetoxymethyl) nitrosamine-induced hamster oral

carcinogenesis. Int J Cancer. 1992a;51:412–5. [PubMed: 1592532]
15. Azuine M. A, Bhide S. V. Chemopreventive effect of turmeric against stomach and skin tumors induced by chemical carcinogens in Swiss mice. Nutr Cancer. 1992b;17:77–

83. [PubMed: 1574446]
16. Azuine M. A, Bhide S. V. Adjuvant chemoprevention of experimental cancer: Catechin and dietary turmeric in forestomach and oral cancer models. J Ethnopharmacol.

1994;44:211–7. [PubMed: 7898128]
17. Azuine M. A, Kayal J. J, Bhide S. V. Protective role of aqueous turmeric extract against mutagenicity of direct-acting carcinogens as well as benzo[alpha]pyrene-induced

genotoxicity and carcinogenicity. J Cancer Res Clin Oncol. 1992;118:447–52. [PubMed: 1618892]
18. Balakrishnan K. V. Postharvest technology and processing of turmeric. In: Ravindran P. N, Nirmal Babu K, Sivaraman K, editors. Turmeric: The Genus Curcuma. Boca

Raton, FL: CRC Press; 2007. pp. 193–256.
19. Balunas M. J, Kinghorn A. D. Drug discovery from medicinal plants. Life Sci. 2005;78:431–41. [PubMed: 16198377]
20. Beddows C. G, Jagait C, Kelly M. J. Preservation of alpha-tocopherol in sunflower oil by herbs and spices. Int J Food Sci Nutr. 2000;51:327–39. [PubMed: 11103298]
21. Betancor-Fernández A, Pérez-Gálvez A, Sies H, Stahl W. Screening pharmaceutical preparations containing extracts of turmeric rhizome, artichoke leaf, devil's claw root and

garlic or salmon oil for antioxidant capacity. J Pharm Pharmacol. 2003;55:981–6. [PubMed: 12906755]
22. Bhide S. V, Azuine M. A, Lahiri M, Telang N. T. Chemoprevention of mammary tumor virus- induced and chemical carcinogen-induced rodent mammary tumors by natural

plant products. Breast Cancer Res Treat. 1994;30:233–42. [PubMed: 7526904]
23. Blumenthal M, Goldberg A, Brinckmann J. Herbal Medicine: Expanded Commission E Monographs. Newton, MA: Integr Med Comm; 2000. pp. 379–84.
24. Boonjaraspinyo S, Boonmars T, Aromdee C. Turmeric reduces inflammatory cells in hamster opisthorchiasis. Parasitol Res. 2009;105:1459–63. [PubMed: 19633869]
25. Bundy R, Walker A. F, Middleton R. W, Booth J. Turmeric extract may improve irritable bowel syndromesymptomology in otherwise healthy adults: A pilot study. J Altern

Complement Med. 2004;10:1015–8. [PubMed: 15673996]
26. Butler M. S. The role of natural product chemistry in drug discovery. J Nat Prod. 2004;67:2141–53. [PubMed: 15620274]
27. Chakravarty A. K, Yasmin H. Alcoholic turmeric extract simultaneously activating murine lymphocytes and inducing apoptosis of Ehlrich ascitic carcinoma cells. Int

Immunopharmacol. 2005;5:1574–81. [PubMed: 16023609]
28. Chandra D, Gupta S. S. Anti-inflammatory and anti-arthritic activity of volatile oil of Curcuma longa (Haldi). Indian J Med Res. 1972;60:138–42. [PubMed: 5029117]
29. Chandra Mohan K. V, Abraham S. K, Nagini S. Protective effects of a mixture of dietary agents against 7,12-dimethylbenz[a]anthracene-induced genotoxicity and oxidative

stress in mice. J Med Food. 2004;7:55–60. [PubMed: 15117554]
30. Cleary K, McFeeters R. F. Effects of oxygen and turmeric on the formation of oxidative aldehydes in fresh-pack dill pickles. J Agric Food Chem. 2006;54:3421–7. [PubMed:

16637703]
31. Cohly H. H, Taylor A, Angel M. F, Salahudeen A. K. Effect of turmeric, turmerin and curcumin on H2O2-induced renal epithelial (LLC-PK1) cell injury. Free Radic Biol

Med. 1998;24:49–54. [PubMed: 9436613]
32. Cruz-Correa M, Shoskes D. A, Sanchez P, editors. et al. Combination treatment with curcumin and quercetin of adenomas in familial adenomatous polyposis. Clin

Gastroenterol Hepatol. 2006;4:1035–8. [PubMed: 16757216]
33. Deshpande S. S, Ingle A. D, Maru G. B. Inhibitory effects of curcumin-free aqueous turmeric extract on benzo[a]pyrene-induced forestomach papillomas in mice. Cancer

Lett. 1997;118:79–85. [PubMed: 9310263]
34. Deshpande S. S, Ingle A. D, Maru G. B. Chemopreventive efficacy of curcumin-free aqueous turmeric extract in 7,12-dimethylbenz[a]anthracene-induced rat mammary

tumorigenesis. Cancer Lett. 1998a;123:35–40. [PubMed: 9461015]
35. Deshpande U. R, Gadre S. G, Raste A. S, Pillai D, Bhide S. V, Samuel A. M. Protective effect of turmeric (Curcuma longa L.) extract on carbon tetrachloride-induced liver

damage in rats. Indian J Exp Biol. 1998b;36:573–7. [PubMed: 9731471]
36. Deshpande U. R, Joseph L. J, Patwardhan U. N, Samuel A. M. Effect of antioxidants (vitamin C, E and turmeric extract) on methimazole-induced hypothyroidism in rats.

Indian J Exp Biol. 2002;40:735–8. [PubMed: 12587721]
37. Deshpande U. R, Joseph L. J, Samuel A. M. Hepatobiliary clearance of labelled mebrofenin in normal and D-galactosamine HCl-induced hepatitis rats and the protective

effect of turmeric extract. Indian J Physiol Pharmacol. 2003;47:332–6. [PubMed: 14723320]
38. Dixit V. P, Jain P, Joshi S. C. Hypolipidaemic effects of Curcuma longa L. and Nardostachys jatamansi, DC in triton-induced hyperlipidaemic rats. Indian J Physiol

Pharmacol. 1988;32:299–304. [PubMed: 3215683]
39. Dohare P, Garg P, Sharma U, Jagannathan N. R, Ray M. Neuroprotective efficacy and therapeutic window of curcuma oil in rat embolic stroke model. BMC Complement

Altern Med. 2008;8:55. [PMC free article: PMC2573880] [PubMed: 18826584]
40. el Hamss R, Analla M, Campos-Sanchez J, Alonso-Moraga A, Muñoz-Serrano A, Idaomar M. A dose dependent anti-genotoxic effect of turmeric. Mutat Res. 1999;446:135–

9. [PubMed: 10613194]
41. El-Ashmawy I. M, Ashry K. M, El-Nahas A. F, Salama O. M. Protection by turmeric and myrrh against liver oxidative damage and genotoxicity induced by lead acetate in

mice. Basic Clin Pharmacol Toxicol. 2006;98:32–7. [PubMed: 16433888]
42. Farnsworth N. R, Bunyapraphatsara N, editors. Thai Medicinal Plants (Recommended for Primary Health Care System). 1st ed. Bangkok: Prachachon Press; 1992. pp. 130–

42.
43. Fetrow C.W, Avila J. R. Professional's Handbook of Complementary and Alternative Medicine. Springhouse, PA: Springhouse; 1999.
44. Funk J. L, Frye J. B, Oyarzo J. N. et al. Efficacy and mechanism of action of turmeric supplements in the treatment of experimental arthritis. Arthritis Rheum. 2006;54:3452–

64. [PubMed: 17075840]
45. Garg R, Ingle A, Maru G. Dietary turmeric modulates DMBA-induced p21ras, MAP kinases and AP-1/NF-kappaB pathway to alter cellular responses during hamster buccal

pouch carcinogenesis. Toxicol Appl Pharmacol. 2008;232:428–39. [PubMed: 18687351]
46. Garodia P, Ichikawa H, Malani N, Sethi G, Aggarwal B. B. From ancient medicine to modern medicine: Ayurvedic concepts of health and their role in inflammation and

cancer. J Soc Integr Oncol. 2007;5:25–37. [PubMed: 17309811]
47. Ghaisas S. D, Bhide S. V. In vitro studies on chemoprotective effect of Purnark against benzo(a)pyrene-induced chromosomal damage in human lymphocytes. Cell Biol Int.

1994;18:21–7. [PubMed: 8186767]
48. Ghatak N, Basu N. Sodium curcuminate as an effective anti-inflammatoryagent. Indian J Exp Biol. 1972;10:235–6. [PubMed: 4651248]
49. Gilani A. H, Shah A. J, Ghayur M. N, Majeed K. Pharmacological basis for the use of turmeric in gastrointestinal and respiratory disorders. Life Sci. 2005;76:3089–105.

[PubMed: 15850601]
50. Goud V. K, Polasa K, Krishnaswamy K. Effect of turmeric on xenobiotic metabolising enzymes. Plant Foods Hum Nutr. 1993;44:87–92. [PubMed: 8332589]
51. Govindarajan V. S. Turmeric-chemistry, technology, and quality. Crit Rev Food Sci Nutr. 1980;12:199–301. [PubMed: 6993103]
52. Gowda N. K, Ledoux D. R, Rottinghaus G. E, Bermudez A. J, Chen Y. C. Efficacy of turmeric (Curcuma longa), containing a known level of curcumin, and a hydrated

sodium calcium aluminosilicate to ameliorate theadverse effects of aflatoxin in broiler chicks. Poult Sci. 2008;87:1125–30. [PubMed: 18493001]
53. Gujral M. L, Chowdhury N. K, Saxena P. N. The effect of certain indigenous remedies on the healing of wounds and ulcers. JAMA. 1953;22:273–6. [PubMed: 13052942]
54. Gurib-Fakim A. Medicinal plants: Traditions of yesterday and drugs of tomorrow. Mol Aspects Med. 2006;27:1–93. [PubMed: 16105678]
55. Habiboallah G, Nasroallah S, Mahdi Z. et al. Histological evaluation of Curcuma longa-ghee formulation and hyaluronic acid on gingival healing in dog. J Ethnopharmacol.

2008;120:335–41. [PubMed: 18929638]
56. Hanai H, Sugimoto K. Curcumin has bright prospects for the treatment of inflammatory bowel disease. Curr Pharm Des. 2009;15:2087–94. [PubMed: 19519446]
57. Hashem R. M, Soliman H. M, Shaapan S. F. Turmeric-based diet can delay apoptosis without modulating NF-kappaB in unilateral ureteral obstruction in rats. J Pharm

Pharmacol. 2008;60:83–9. [PubMed: 18088509]
58. Hastak K, Lubri N, Jakhi S. D. et al. Effect of turmeric oil and turmeric oleoresin on cytogenetic damage in patients suffering from oral submucous fibrosis. Cancer Lett.

1997;116:265–9. [PubMed: 9215873]
59. Honda S, Aoki F, Tanaka H. et al. Effects of ingested turmeric oleoresin on glucose and lipid metabolisms in obese diabetic mice: A DNA microarray study. J Agric Food

Chem. 2006;54:9055–62. [PubMed: 17117790]
60. Huang Y. D, Xiang Q, Yao C. S, Zhang F. X, Zhang H, Li X. K. Study on the preparation of zedoary turmeric oil spray and its anti-virus effects. Zhong Yao Cai.

2007;30:342–5. http://www.kalsec.com/products/colors/Color your products naturally (accessed December 16, 2010) [PubMed: 17634047]
61. Jain J. P, Bhatnagar L. S, Parsai M. R. Clinical trials of haridra (Curcuma longa) in cases of tamak swasa and kasa. Jour Res Ind Med Yoga & Homeop. 1979;14:110–20.
62. Jariyawat S, Kigpituck P, Suksen K, Chuncharunee A, Chaovanalikit A, Piyachaturawat P. Protection against cisplatin-induced nephrotoxicity in mice by Curcuma comosa

Roxb. ethanol extract. Nat Med. 2009;63:430–6. (Tokyo) [PubMed: 19536611]
63. Jayaprakasha G. K, Jena B. S, Negi P. S, Sakariah K. K. Evaluation of antioxidant activities and antimutagenicity of turmeric oil: A byproduct from curcumin production. Z

Naturforsch. 2002;C57:828–35. [PubMed: 12440720]
64. Joshi J, Ghaisas S, Vaidya A. et al. Early human safety study of turmeric oil (Curcuma longa oil) administered orally in healthy volunteers. J Assoc Physicians India.

2003;51:1055–60. [PubMed: 15260388]
65. Kapadia G. J, Azuine M. A, Tokuda H. et al. Inhibitory effect of herbal remedies on 12-O-tetrade- canoylphorbol-13-acetate-promoted Epstein-Barr virus early antigen

activation. Pharmacol Res. 2002;45:213–20. [PubMed: 11884218]
66. Kapoor L. D. Handbook of Ayurvedic Medicinal Plants. Boca Raton, FL: CRC Press; 1990.
67. Kaul S, Krishnakantha T. P. Influence of retinol deficiency and curcumin/turmeric feeding on tissue microsomal membrane lipid peroxidation and fatty acids in rats. Mol Cell

Biochem. 1997;175:43–8. [PubMed: 9350032]
68. Khattak S, Saeed-ur-Rehman, Ullah Shah H, Ahmad W, Ahmad M. Biological effects of indigenous medicinal plants Curcuma longa and Alpinia galanga. Fitoterapia.

2005;76:254–7. [PubMed: 15810156]
69. Kim H. J, Yoo H. S, Kim J. C. et al. Antiviral effect of Curcuma longa Linn. extract against hepatitis B virus replication. J Ethnopharmacol. 2009;124(2):189–96. [PubMed:

19409970]
70. Kirtikar K. R, Basu B. D. Blatter E, Caius J. F, Mhaskar K. S. Indian Medicinal Plants. 2nd Ed. Vol II. Lalit Mohan Basu, Allahabad, India: 1993. p. 1182.
71. Kositchaiwat C, Kositchaiwat S, Havanondha J. Curcuma longa Linn. in the treatment of gastric ulcer comparison to liquid antacid: A controlled clinical trial. J Med Assoc

Thai. 1993;76:601–5. [PubMed: 7964234]
72. Krasovsky J, Chang D. H, Deng G. et al. Inhibition of human dendritic cell activation by hydroethanolic but not lipophilic extracts of turmeric (Curcuma longa). Planta Med.

2009;75:312–5. [PMC free article: PMC4566996] [PubMed: 19034830]
73. Kreydiyyeh S. I, Usta J, Copti R. Effect of cinnamon, clove and some of their constituents on the Na(+)-K(+)-ATPase activity and alanine absorption in the rat jejunum. Food

Chem Toxicol. 2000;38:755–62. [PubMed: 10930696]
74. Krishnaswamy K. Indian functional foods: Role in prevention of cancer. NutrRev. 1996;54:S127–31. [PubMed: 9110589]
75. Krishnaswamy K, Goud V. K, Sesikeran B, Mukundan M. A, Krishna T. P. Retardation of experimental tumorigenesis and reduction in DNA adducts by turmeric and

curcumin. Nutr Cancer. 1998;30:163–6. [PubMed: 9589436]
76. Kumar G. S, Shetty A. K, Salimath P. V. Modulatory effect of fenugreek seed mucilage and spent turmeric on intestinal and renal disaccharidases in streptozotocin-induced

diabetic rats. Plant Foods Hum Nutr. 2005;60:87–91. [PubMed: 16021836]
77. Kumar G. S, Vijayalakshmi B, Salimath P. V. Effect of bitter gourd and spent turmeric on constituents of glycosaminoglycans in different tissues in streptozotocin-induced

diabetic rats. Mol Cell Biochem. 2006;286:53–8. [PubMed: 16532259]
78. Kundu S, Biswas T. K, Das P, Kumar S, De D. K. Turmeric (Curcuma longa) rhizome paste and honey show similar wound healing potential: A preclinical study in rabbits.

Int J Low Extrem Wounds. 2005;4:205–13. [PubMed: 16286372]
79. Kurien B. T, Scofield R. H. Curcumin/turmeric solubilized in sodium hydroxide inhibits HNE protein modification-an in vitro study. J Ethnopharmacol. 2007;110:368–73.

[PubMed: 17116380]
80. Kuroda M, Mimaki Y, Nishiyama T. et al. Hypoglycemic effects of turmeric (Curcuma longa L. rhizomes) on genetically diabetic KK-Ay mice. Biol Pharm Bull.

2005;28:937–9. [PubMed: 15863912]
81. Kuttan R, Bhanumathy P, Nirmala K, George M. C. Potential anticancer activity of turmeric (Curcuma longa). Cancer Lett. 1985;29:197–202. [PubMed: 4075289]
82. Kuttan R, Kuttan G, Joseph S, Ajith T. A, Mohan M, Srimal R. C. Antimutagenicity of herbal detoxification formula Smoke Shield against environmental mutagens. J Exp

Clin Cancer Res. 2004;23:61–8. [PubMed: 15149152]
83. Kuttan R, Sudheeran P. C, Joseph C. D. Turmeric and curcumin as topical agents in cancer therapy. Tumori. 1987;73:29–31. [PubMed: 2435036]
84. Lantz R. C, Chen G. J, Solyom A. M, Jolad S. D, Timmermann B. N. The effect of turmeric extracts on inflammatory mediator production. Phytomedicine. 2005;12:445–52.

[PubMed: 16008121]
85. Lao C. D, Ruffin4th M. T, Normolle D. et al. Dose escalation of a curcuminoid formulation. BMC Complement Altern Med. 2006;6:10–3. [PMC free article: PMC1434783]

[PubMed: 16545122]
86. Leal P. F, Braga M. E, Sato D. N, Carvalho J. E, Marques M. O, Meireles M. A. Functional properties of spice extracts obtained via supercritical fluid extraction. J Agric

Food Chem. 2003;51:2520–5. [PubMed: 12696930]
87. Lee Y. Activation of apoptotic protein in U937 cells by a component of turmeric oil. BMB Rep. 2009;42:96–100. [PubMed: 19250610]
88. Li C, Li L, Luo J, Huang N. Effect of turmeric volatile oil on the respiratory tract. Zhongguo Zhong Yao Za Zhi. 1998;23:624–5. [PubMed: 11599365]
89. Mahady G. B, Pendland S. L, Yun G, Lu Z. Z. Turmeric (Curcuma longa) and curcumin inhibit the growth of Helicobacter pylori, a group 1 carcinogen. Anticancer Res.

2002;22:4179–81. [PubMed: 12553052]
90. Masuda H. Strocain and peptic ulcer: A new therapy for GI disease. Eisai Clinician Bull Jpn. 1973;1:4–7.
91. Mathuria N, Verma R. J. Aflatoxin-induced hemolysis and its amelioration by turmeric extracts and curcumin in vitro. Acta Pol Pharm. 2007;64:165–8. [PubMed: 17665866]
92. Mesa M. D, Aguilera C. M, Ramìrez-Tortosa C. L. et al. Oraladministration of a turmeric extract inhibits erythrocyte and liver microsome membrane oxidation in rabbits fed

with an atherogenic diet. Nutrition. 2003;19:800–4. [PubMed: 12921893]
93. Mills S, Bone K. Principles and Practice of Phytotherapy. Toronto, ON: Churchill Livingstone; 2000.
94. Mishra R. K, Singh S. K. Reversible antifertility effect of aqueous rhizome extract of Curcuma longa L. in male laboratory mice. Contraception. 2009;79:479–87. [PubMed:

19442785]
95. Miyakoshi M, Yamaguchi Y, Takagaki R. et al. Hepatoprotective effect of sesquiterpenes in turmeric. Biofactors. 2004;21:167–70. [PubMed: 15630192]
96. Mohanty I, Arya D. S, Gupta S. K. Effect of Curcuma longa and Ocimum sanctum on myocardial apoptosis in experimentally induced myocardial ischemic-reperfusion

injury. BMC Complement Altern Med. 2006;6:3. [PMC free article: PMC1397864] [PubMed: 16504000]
97. Mrudula T, Suryanarayana P, Srinivas P. N, Reddy G. B. Effect of curcumin on hyperglycemia-induced vascular endothelial growth factor expression in streptozotocin-

induced diabetic rat retina. Biochem Biophys Res Commun. 2007;361:528–32. [PubMed: 17662242]
98. Mukerji B, Zaidi S. H, Singh G. B. Spice and gastric function: Part I-effect of Curcuma longa in the gastric secretion in rabbits. Lucknow, India: Central Drug Research

Institute. J Sci Indstr Res. 1961;20C:25–8.
99. Mukundan M. A, Chacko M. C, Annapurna V. V, Krishnaswamy K. Effect of turmeric and curcumin on BP-DNA adducts. Carcinogenesis. 1993;14:493–6. [PubMed:

8453726]
100. Nagabhushan M, Amonkar A. J, Bhide S. V. In vitro antimutagenicity of curcumin against environmental mutagens. Food Chem Toxicol. 1987;25:545–7. [PubMed:

3623345]
101. Naganuma M, Saruwatari A, Okamura S, Tamura H. Turmeric and curcumin modulate the conjugation of 1-naphthol in Caco-2 cells. Biol Pharm Bull. 2006;29:1476–9.

[PubMed: 16819192]
102. Newman D. J, Cragg G. M. Natural products as sources of new drugs over the last 25 years. J Nat Prod. 2007;70:461–77. [PubMed: 17309302]
103. Newman D. J, Cragg G. M, Sander K. M. Natural products as sources of new drugs over the period 1981-2002. J Nat Prod. 2003;66:1022–37. [PubMed: 12880330]
104. Niederau C, Göpfert E. The effect of chelidonium and turmeric root extract on upper abdominal pain due to functional disorders of the biliary system: Results from a

placebo-controlled double-blind study. Med Klin. 1999;94:425–30. (Munich) [PubMed: 10495621]
105. Nishiyama T, Mae T, Kishida H. et al. Curcuminoids and sesquiterpenoids in turmeric (Curcuma longa L.) suppress an increase in blood glucose level in type 2 diabetic KK-

Ay mice. J Agric Food Chem. 2005;53:959–63. [PubMed: 15713005]
106. Ohshiro M, Kuroyanag M, Keno A. Structures of sesquiterpenes from Curcuma longa. Phytochemistry. 1990;29:2201–5.
107. O'Mahony R, Al-Khtheeri H, Weerasekera D. et al. Bactericidal and anti-adhesive properties of culinary and medicinal plants against Helicobacter pylori. World J

Gastroenterol. 2005;11:7499–507. [PMC free article: PMC4725184] [PubMed: 16437723]
108. Pal A, Pal A. K. Radioprotection of turmeric extracts in bacterial system. Acta Biol Hung. 2005;56(3-4):333–43. [PubMed: 16196208]
109. Paramasivam S, Thangaradjou T, Kannan L. Effect of natural preservatives on the growth of histamine-producing bacteria. J Environ Biol. 2007;28:271–4. [PubMed:

17915763]
110. Platel K, Rao A, Saraswathi G, Srinivasan K. Digestive stimulant action of three Indian spice mixes in experimental rats. Nahrung. 2002;46:394–8. [PubMed: 12577586]
111. Polasa K, Raghuram T. C, Krishna T. P, Krishnaswamy K. Effect of turmeric on urinary mutagens in smokers. Mutagenesis. 1992;7:107–9. [PubMed: 1579064]
112. Polasa K, Sesikaran B, Krishna T. P, Krishnaswamy K. Turmeric (Curcuma longa)-induced reduction in urinary mutagens. Food Chem Toxicol. 1991;29:699–706. [PubMed:

1660015]
113. Prucksunand C, Indrasukhsri B, Leethochawalit M, Hungspreugs K. Phase II clinical trial on effect of the long turmeric (Curcuma longa Linn.) on healing of peptic ulcer.

Southeast Asian J Trop Med Public Health. 2001;32:208–15. [PubMed: 11485087]
114. Quiles J. L, Aguilera C, Mesa M. D, Ramìrez-Tortosa M. C, Bar× L, Gil A. An ethanolicaqueous extract of Curcuma longa decreases the susceptibility of liver microsomes

and mitochondria to lipid peroxidation in atherosclerotic rabbits. Biofactors. 1998;8:51–7. [PubMed: 9699009]
115. Ramìrez-Tortosa M. C, Mesa M. D, Aguilera M. C. et al. Oral administration of a turmeric extract inhibits LDL oxidation and has hypocholesterolemic effects in rabbits with

experimental atherosclerosis. Atherosclerosis. 1999;147:371–8. [PubMed: 10559523]
116. Rathore P, Dohare P, Varma S. et al. Curcuma oil reduces early accumulation of oxidative product and is anti-apoptogenic in transient focal ischemia in rat brain. Neurochem

Res. 2008;33:1672–82. [PubMed: 17955367]
117. Ruby A. J, Kuttan G, Babu K. D, Rajasekharan K. N, Kuttan R. Anti-tumour and antioxidant activity of natural curcuminoids. Cancer Lett. 1995;94:79–83. [PubMed:

7621448]
118. Selvam R, Subramanian L, Gayathri R, Angayarkanni N. The anti-oxidant activity of turmeric (Curcuma longa). J Ethnopharmacol. 1995;47:59–67. [PubMed: 7500637]
119. Shakila R. J, Vasundhara T. S, Rao D. V. Inhibitory effect of spices on in vitro histamine production and histidine decarboxylase activity of Morganella morganii and on the

biogenic amine formation in mackerel stored at 30 degrees C. Z Lebensm Unters Forsch. 1996;203:71–6. [PubMed: 8765991]
120. Sharma A, Gautam S, Jadhav S. S. Spice extracts as dose-modifying factors in radiation inactivation of bacteria. J Agric Food Chem. 2000;48:1340–4. [PubMed: 10775394]
121. Shimouchi A, Nose K, Takaoka M, Hayashi H, Kondo T. Effect of dietary turmeric on breath hydrogen. Dig Dis Sci. 2008;54(8):1725–9. [PubMed: 19034660]
122. Shoheib Z. S, El-Nouby K. A, Deyab F. A, Dar Y. D, Kabbash A. M. Potential effect of Curcuma longa extract on infectivity and pathogenicity of Schistosoma mansoni

cercariae. J Egypt Soc Parasitol. 2008;38:141–59. [PubMed: 19143127]
123. Soni K. B, Lahiri M, Chackradeo P, Bhide S. V, Kuttan R. Protective effect of food additives on aflatoxin-induced mutagenicity and hepatocarcinogenicity. Cancer Lett.

1997;115:129–33. [PubMed: 9149115]
124. Soudamini K. K, Unnikrishnan M. C, Sukumaran K, Kuttan R. Mutagenicity and anti-mutagenicity of selected spices. Indian J Physiol Pharmacol. 1995;39:347–53.

[PubMed: 8582746]
125. Sumiyoshi M, Kimura Y. Effects of a turmeric extract (Curcuma longa) on chronic ultraviolet B irradiation-induced skin damage in melanin-possessing hairless mice.

Phytomedicine. 2009;16:1137–43. [PubMed: 19577913]
126. Supniewski J. V, Hano J. The pharmacological action of phenylethyl-carbinol and p-tolylmethylcarbinol. Bull Int Acad Pol Sci Cl Med. 1935:573–89.
127. Suryanarayana P, Saraswat M, Mrudula T, Krishna T. P, Krishnaswamy K, Reddy G. B. Curcumin and turmeric delay streptozotocin-induced diabetic cataract in rats. Invest

Ophthalmol Vis Sci. 2005;46:2092–9. [PubMed: 15914628]
128. Suryanarayana P, Satyanarayana A, Balakrishna N, Kumar P. U, Reddy G. B. Effect of turmeric and curcumin on oxidative stress and antioxidant enzymes in streptozotocin-

induced diabetic rat. Med Sci Monit. 2007;13:BR286–92. [PubMed: 18049430]
129. Tawatsin A, Wratten S. D, Scott R. R, Thavara U, Techadamrongsin Y. Repellency of volatile oils from plantsagainst three mosquito vectors. J Vector Ecol. 2001;26:76–82.

[PubMed: 11469188]
130. Thampithak A, Jaisin Y, Meesarapee B. et al. Transcriptional regulation of iNOS and COX-2 by a novel compound from Curcuma comosa in lipopolysaccharide-induced

microglial activation. Neurosci Lett. 2009;462:171–5. [PubMed: 19583997]
131. Thapliyal R, Deshpande S. S, Maru G. B. Effects of turmeric on the activities of benzo(a)pyreneinduced cytochrome P-450 isozymes. J Environ Pathol Toxicol Oncol.

2001;20:59–63. [PubMed: 11215708]
132. Thapliyal R, Deshpande S. S, Maru G. B. Mechanism(s) of turmeric-mediated protective effects against benzo(a)pyrene-derived DNA adducts. Cancer Lett. 2002;175:79–88.

[PubMed: 11734339]
133. Thapliyal R, Naresh K. N, Rao K. V, Maru G. B. Inhibition of nitrosodiethylamine-induced hepatocarcinogenesis by dietary turmeric in rats. Toxicol Lett. 2003;139:45–54.

[PubMed: 12595157]
134. Thimmayamma B. V. S, Rau P, Radhaiah G. Use of spices and condiments in the dietaries of urban and rural families. J Indian Nutr Diet. 1983;20:153–62.
135. Thongson C, Davidson P. M, Mahakarnchanakul W, Vibulsresth P. Antimicrobial effect of Thai spices against Listeria monocytogenes and Salmonella typhimurium DT104. J

Food Prot. 2005;68:2054–8. [PubMed: 16245707]
136. Thongson C, Davidson P. M, Mahakarnchanakul W, Weiss J. Antimicrobial activity of ultrasound- assisted solvent-extracted spices. Lett Appl Microbiol. 2004;39:401–6.

[PubMed: 15482429]
137. Tilak J. C, Banerjee M, Mohan H, Devasagayam T. P. Antioxidant availability of turmeric in relation to its medicinal and culinary uses. Phytother Res. 2004;18:798–804.

[PubMed: 15551376]
138. Vijayalakshmi B, Kumar G. S, Salimath P. V. Effect of bitter gourd and spent turmeric on glycoconjugate metabolism in streptozotocin-induced diabetic rats. J Diabetes

Complications. 2009;23:71–6. [PubMed: 18413160]
139. Villaseñor I. M, Simon M. K, Villanueva A. M. Comparative potencies of nutraceuticals in chemically induced skin tumor prevention. Nutr Cancer. 2002;44:66–70.

[PubMed: 12672643]
140. Wuthi-udomlert M, Grisanapan W, Luanratana O, Caichompoo W. Antifungal activity of Curcuma longa grown in Thailand. Southeast Asian J Trop Med Public Health.

2000;31:178–82. [PubMed: 11414453]
141. Xia X, Cheng G, Pan Y, Xia Z. H, Kong L. D. Behavioral, neurochemical and neuroendocrineeffects ofthe ethanolic extract from Curcuma longa L. in the mouse forced

swimming test. J Ethnopharmacol. 2007;110:356–63. [PubMed: 17134862]
142. Xia X, Pan Y, Zhang W. Y, Cheng G, Kong L. D. Ethanolic extracts from Curcuma longa attenuates behavioral, immune, and neuroendocrine alterations in a rat chronic mild

stress model. Biol Pharm Bull. 2006;29:938–44. [PubMed: 16651723]
143. Yano Y, Satomi M, Oikawa H. Antimicrobial effect of spices and herbs on Vibrio parahaemolyticus. Int J Food Microbiol. 2006;111:6–11. [PubMed: 16797760]
144. Yegnanarayan R, Saraf A. P, Balwani J. H. Comparison of anti-inflammatory activity of various extracts of Curcuma longa (Linn). Indian J Med Res. 1976;64:601–8.

[PubMed: 965061]
145. Yu Z. F, Kong L. D, Chen Y. Antidepressant activity of aqueous extracts of Curcuma longa in mice. J Ethnopharmacol. 2002;83:161–5. [PubMed: 12413724]
146. Zahid Ashraf M, Hussain M. E, Fahim M. Antiatherosclerotic effects of dietary supplementations of garlic and turmeric: Restoration of endothelial function in rats. Life Sci.

2005;77:837–57. [PubMed: 15964306]
147. Zhang W, Liu D, Wo X, Zhang Y, Jin M, Ding Z. Effects of Curcuma longa on proliferation of cultured bovine smooth muscle cells and on expression of low density

lipoprotein receptor in cells. Chin Med J (Engl). 1999;112:308–11. [PubMed: 11593527]

Figures

FIGURE 13.1

(See color insert.) Different species of Curcuma that are used traditionally as a spice or as medicine.

FIGURE 13.2

Inhibition of tumor growth in mice by turmeric extracts in a dose-dependent manner. Mice were injected with Dalton’s lymphoma cells (1 million) intraperitoneally. After
randomization, turmeric was given to the mice (n = 8) at indicated concentration for 10 days. Controlled animals received saline only. (a) Percent of tumor formation after 30
days. (b) Number of animals surviving at 30 days and 60 days. (Redrawn from Kuttan, R., P. Bhanumathy, K. Nirmala, and M. C. George. 1985. Cancer Lett 29:197–202. With
permission.)

FIGURE 13.3

Inhibition of micronuclei formation in oral submucous fibrosis (OSF) patients: (a) Incidence of micronuclei in exfoliated buccal mucosal cells of OSF patients before and after
treatment with turmeric and of normal healthy individuals. (b) Incidence of micronuclei in circulating lymphocytes of OSF patients before and after turmeric treatment. (n =
10). The symbol * indicates statistical significance when compared with untreated pretreatment group (p < .001). The symbol ** indicates statistical significance when
compared with benzo[a]pyrene-treated pretreatment group (p < .001). (Redrawn from Hastak, K., N. Lubri, S. D. Jakhi et al. 1997. Cancer Lett 116:265–9. With permission.)
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Tables

TABLE 13.1 Various Names of Turmeric/Curcumin in Different Languages

Language Name

Arabic Kurkum, Uqdah safra

Armenian Toormerik, Turmerig

Assamese Halodhi

Bengali Halud

Bulgarian Kurkuma

Burmese Hsanwen, Sanwin, Sanae, Nanwin

Catalan Cúrcuma

Chinese Yu chin, Yu jin, Wohng geung, Geung wohng, Wat gam, Huang jiang, Jiang huang, Yu jin, Yu jin xiang gen

Croatian Indijski šafran, Kurkuma

Czech Kurkuma, Indický Šafrán, Žlutý kořen, Žlutý zázvor

Dhivehi Reen’dhoo

Danish Gurkemeje

Dutch Geelwortel, Kurkuma Tarmeriek, Koenjit, Koenir

English Indian saffron

Esperanto Kurkumo

Estonian Harilik kurkuma, Kurkum, Pikk kollajuur, Lŏhnav kollajuur, Harilik kurkuma, Kurkum, Pikk kollajuur, Lŏhnav kollajuur

Farsi Zardchubeh

Finnish Kurkuma, Keltajuuri

French Curcuma, Safran des Indes, Terre-mérite, Souchet des Indes

Galician Cúrcuma

German Curcuma, Sárga gyömbérgyökér

Greek Kitrinoriza, Kourkoumi, Kourkoumas

Gujarati Halad, Haldar

Hebrew Kurkum

Hindi Haldi

Hungarian Kurkuma, Sárga gyömbérgyökér

Icelandic Túrmerik

Indonesian Kunyit, Kunir; Daun kunyit

Italian Curcuma

Japanese Ukon, Tamerikku

Kannada Arishina, Arisina

Khmer Romiet, Lomiet, Lamiet

Korean Kang-hwang, Keolkuma Kolkuma, Sim-hwang, Teomerik, Tomerik, Tumerik, Ulgum, Ulgumun

Laotian Khi min khun, Khmin khÜn

Latvian Kurkuma

Lithuanian Ciberžole, Kurkuma, Dažine ciberžolé

Malay Kunyit basah

Malayalam Manjal

Marathi Halad

Nepali Haldi, Hardi, Besar

Norwegian Gurkemeie

Pahlavi Zard-choobag

Pashto Zarchoba

Polish Kurkuma, Ostryź długi, Szafran indyjski

Portuguese Açafrão da Índia, Curcuma

Punjabi Haldi

Romanian Curcumǎ

Russian Koren, kurkumy, Kurkuma

Sanskrit

Ameshta, bahula, bhadra, dhirgharaja, gandaplashika, gauri, gharshani, haldi, haridra, harita, hemaragi, hemaragini, hridayavilasini, jayanti, jwarantika, kanchani,
kaveri, krimighana, kshamata, kshapa, lakshmi, mangalaprada, mangalya, mehagni, nisha, nishakhya, nishawa, patavaluka, pavitra, pinga, pinja, pita, pitika,
rabhangavasa, ranjani, ratrimanika, shifa, shiva, shobhana, shyama, soubhagaya, suvarna, suvarnavarna, tamasini, umavara, vairagi, varavarnini, varnadatri, varnini,
vishagni, yamini, yoshitapriya, yuvati

Singhalese Kaha

Slovak Kurkuma

Slovenian Kurkuma

Spanish Cúrcuma, Azafrán arabe

Swahili Manjano

Swedish Gurkmeja

Tagalog Dilaw

Tamil Manjal

Telugu Haridra, Pasupu

Thai Kha min chan, Kha min; Wanchakmadluk

Tibetan Gaser, Sga ser

Turkish Hint safrani, Sari boya, Zerdeçal, Safran kökü, Zerdali, Zerdeçöp, Zerdecube

Ukrainian Kurkuma

Urdu Haldi, Zard chub

Vietnamese Bot nghe, Cu nghe, Nghe, Uat kim, Khuong hoang

Yiddish Kurkume

TABLE 13.2 List of Curcuma Species

 

1. Curcuma aeruginosa (pink and blue ginger)

2. Curcuma albicoma

3. Curcuma albi ora

4. Curcuma alismatifolia (summer tulip)

5. Curcuma amada (mango ginger)

6. Curcuma amarissima

7. Curcuma Americana

8. Curcuma angustifolia (tall hidden ginger)

9. Curcuma aromatica

10. Curcuma attenuata

11. Curcuma aurantiaca (rainbow curcuma)

12. Curcuma aurantiflora

13. Curcuma australasica (Cape York turmeric)

14. Curcuma bakeriana

15. Curcuma bicolor (candy corn)

16. Curcuma brog

17. Curcuma burttii

18. Curcuma caesia

19. Curcuma cannanorensis

20. Curcuma cannanorensis var. Lutea

21. Curcuma caulina

22. Curcuma careyana

23. Curcuma certothecca

24. Curcuma chuanezhe

25. Curcuma chuanhuangjiang

26. Curcuma chuanyujin

27. Curcuma cochinchinensis

28. Curcuma codonantha

29. Curcuma coerulea

30. Curcuma colorata

31. Curcuma comosa

32. Curcuma cordata (jewel of Thailand)

33. Curcuma cordifolia

34. Curcuma coriacea

35. Curcuma decipiens

36. Curcuma domestica (Emperor variegated)

37. Curcuma ecalcarata

38. Curcuma ecomata

39. Curcuma elata (giant plume)

40. Curcuma erubescens

41. Curcuma euchroma

42. Curcuma euclroma

43. Curcuma exigua

44. Curcuma ferruginea

45. Curcuma flaviflora (red fireball ginger)

46. Curcuma glans

47. Curcuma glaucophylla

48. Curcuma gracillima (chocolate zebra)

49. Curcuma grahamiana

50. Curcuma grandiflora

51. Curcuma haritha

52. Curcuma harmandii (emerald pagoda ginger)

53. Curcuma heyneana

54. Curcuma inodora (pink ginger)

55. Curcuma karnatakensis

56. Curcuma kudagensis

57. Curcuma kwangsiensis

58. Curcuma kwangsiensis var.affinis

59. Curcuma kwangsiensis var. puberula

60. Curcuma lanceolata

61. Curcuma latiflora

62. Curcuma latifolia

63. Curcuma leopoldi

64. Curcuma leucorhiza

65. Curcuma loerzingii

66. Curcuma lillicina (pink cloud)

67. Curcuma longa (turmeric)

68. Curcuma longiflora

69. Curcuma longi spica

70. Curcuma lutea

71. Curcuma malabarica

72. Curcuma mangga

73. Curcuma meraukensis

74. Curcuma montana

75. Curcuma musacea

76. Curcuma mutabilis

77. Curcuma neilgherrensis

78. Curcuma nilamburensis

79. Curcuma ochrorhiza

80. Curcuma of cinalis

81. Curcuma olena

82. Curcuma oligantha (white turmeric)

83. Curcuma oligantha var. lutea

84. Curcuma ornate (ornate plume ginger)

85. Curcuma pallida

86. Curcuma parviflora (white angel)

87. Curcuma parvula

88. Curcuma peethapushpa

89. Curcuma petiolata (Temu Puteri in Java)

90. Curcuma phaeocaulis

91. Curcuma pierreana (sleeping princess)

92. Curcuma plicata

93. Curcuma porphyrotaenia

94. Curcuma prakasha

95. Curcuma pseudomontana

96. Curcuma purpurascens

97. Curcuma purpurea

98. Curcuma raktakanta

99. Curcuma ranadei

100. Curcuma reclinata

101. Curcuma rhabdota

102. Curcuma rhomba

103. Curcuma roscoeana (pride of Burma)

104. Curcuma rotunda

105. Curcuma rubescens (wine red plume)

106. Curcuma rubricaulis

107. Curcuma rubrobracteata (fire plug)

108. Curcuma sessilis

109. Curcuma siamensis

110. Curcuma sichuanensis

111. Curcuma singularis (Easan white)

112. Curcuma soloensis

113. Curcuma sparganifolia

114. Curcuma speciosa

115. Curcuma spicata

116. Curcuma stenochila

117. Curcuma strobilifera

118. Curcuma sulcata

119. Curcuma sumatrana (Sumatra ginger)

120. Curcuma sylvatica

121. Curcuma sylvestris

122. Curcuma thalakaveriensis

123. Curcuma thorelii (Chiang Mai Snow)

124. Curcuma trichosantha

125. Curcuma vamana

126. Curcuma vellanikkarensis

127. Curcuma viridi ora

128. Curcuma wenchowensis

129. Curcuma wenyujin

130. Curcuma xanthorrhiza

131. Curcuma yunnanensis (Yunnan plume ginger)

132. Curcuma zanthorrhiza (temulawak)

133. Curcuma zedoaria (zedoary white turmeric)

134. Curcuma zerumbet

TABLE 13.3 In Vitro Effects of Turmeric against Various Diseases/Disorders

Disease/Disorder Dose Cells/Organisms References

Cancer

Cell proliferation 0.4 mg/mL CHO and lymphoma Kuttan et al. 1985

Antioxidant

Lipid peroxidation 100 µg/mL  Renal epithelial cell Cohly et al. 1998

Free-radicals level ND  In vitro Betancor-Fernández et al. 2003

HNE modification 12.5–50.0 µg/mL  In vitro Kurien and Scofield 2007

Mutagenic

Mutation 2 µg/plate   S. typhimurium TA98 and TA100 Soni et al. 1997

Mutation 2 mg/plate   S. typhimurium TA102 Kuttan et al. 2004

Micronucleus formation 100–500 µg/mL CHO cells Araújo, Dias, and Takahashi 1999

DNA damage 0.33 g/10  cfu E. coli, B. megaterium, B. pumilusspores Sharma, Gautam, and Jadhav 2000

DNA damage ND E. coli Pal and Pal 2005

Micronucleus formation 200 µg/mL Human lymphocyte Ghaisas and Bhide 1994

Inflammation

TNF-α, PGE2 level 50 µg/mL  (IC  = 15.2 and 0.92 µg/mL) HL-60 cells Lantz et al. 2005

Dendritic cell activation ND Dendritic cells Krasovsky et al. 2009

Viral

Epstein-Barr virus early antigen 10 µg/mL Raji cells Kapadia et al. 2002

HBV replication 200 or 500 mg/L HepG 2.2.15 cells Kim et al. 2009

Fungal

Multiplication MIC 7.8 µg/mL Dermatophytes Wuthi-udomlert et al. 2000

Cell viability LD50 33 and 109 µg/mL Lemma minor, T. longifusus Khattak et al. 2005

Microbial

Multiplication 6.25–50.00 µg/mL H. pylori Mahady et al. 2002

Multiplication 0.1%-10.0% S. typhimurium Thongson et al. 2004

Multiplication 5% Foodborne pathogen Yano, Satomi, and Oikawa 2006

Multiplication 5% Histamine-producing bacteria Paramasivam, Thangaradjou, and Kannan 2007

Growth of mycobacteria 6% M. tuberculosis Leal et al. 2003

Pathogens viability ND Foodborne pathogenic bacteria Thongson et al. 2005

Bacterial growth and adhesion 50 mg/mL H. pylori O’Mahony et al. 2005

Infection and pathogenesis ND Schistosoma mansoni cercariae Shoheib et al. 2008

Other

ATPase level 131 mg/mg protein Rat jejunal cells Kreydiyyeh, Usta, and Copti 2000

Procarcinogens activation IC  = 0.24 Caco-2 cells Naganuma et al. 2006

Oxidative off-flavors ND Pickles Cleary and McFeeters 2006

Hemolysis 1–100 µg/mL Human RBC Mathuria and Verma 2007

TNF = tumor necrosis factor; PGE2 = prostaglandin E2; IC  = median inhibitory concentration; NO = nitric oxide; PI = parainfluenza; AD = adenovirus; CHO = Chinese hamster ovary; HBV = hepatitis B
virus; HNE = 4-hydroxy-2-nonenal; LD  = median lethal dose; MIC = minimum inhibitory concentration; ND = not defined; RS = Rous sarcoma.
 Ethanolic extract of turmeric
 Turmeric powder
 Aqueous extract of turmeric
 CO  gas extract of turmeric
 Hexane extract of turmeric
 Methanolic extract of turmeric
 Turmeric oil

TABLE 13.4 In Vivo Effect of Turmeric against Development of Various Diseases/Disorders

Disease Route References

Cancer

Oral carcinogenesis 5% in diet Azuine et al. 1992

Buccal pouch carcinogenesis In diet Krishnaswamy et al. 1998

Buccal pouch carcinogenesis 1% in diet Garg, Ingle, and Maru 2008

Forestomach tumors In diet Nagabhushan, Amonkar, and Bhide 1987

Forestomach tumors 1 mg oral Azuine et al. 1992

Forestomach and oral 5% in diet Azuine and Bhide 1994

Forestomach papillomas 0.2%–5.0% oral Deshpande, Ingle, and Maru 1997

Skin tumor 5 mg topical Villaseñor, Simon, and Villanueva 2002

Mammary tumorigenesis 5% in diet Bhide et al. 1994

Mammary tumorigenesis 0.5%–1.0% Deshpande et al. 1998

Preneoplastic lesions of liver 0.05% in diet Soni et al. 1997

Hepatocarcinogenesis 0.2%–5.0% in diet Thapliyal et al. 2003

Lymphoma formation and survival 10–40 mg/animal, i.p. Kuttan et al. 1985

Cytotoxicity

Lipid peroxidation 1% in diet Asai et al. 1997

Lipid peroxidation 0.1% in diet Kaul and Krishnakantha 1997

Lipid peroxidation NC Quiles et al. 1998

Cholestrol and triglyceride level In diet Dixit, Jain, and Joshi 1988

LDL oxidation and cholestrol level 1.66–3.2 mg/kg orally Ramirez-Tortosa et al. 1999

Cell proliferation 20 mg/mL oral Zhang et al. 1999

CYP 1A1 and 1A2 level 1% in diet Thapliyal, Deshpande, and Maru 2001

BaP–DNA adducts formation 1% in diet Thapliyal Deshpande, and Maru 2002

Micronuclei formation 1000 mg/kg intragastric Chandra Mohan, Abraham, and Nagini 2004

Oxidative damage 1% and 5% in diet El-Ashmawy et al. 2006

Apoptosis 5% in diet Hashem, Soliman, and Shaapan 2008

Urinary mutagens level 0.5% in diet Polasa et al. 1991

BaP–DNA adducts formation 0.1%–3% for 4 weeks Mukundan et al. 1993

Xenobiotic-metabolizing enzymes 0.5%–10.0% in diet Goud, Polasa, and Krishnaswamy 1993

Membrane oxidation 1.6 mg/kg in diet Mesa et al. 2003

Inflammation NC Boonjaraspinyo, Boonmars, and Aromdee 2009

Hepatic Disorder

Cholesterol, bilirubin, AST, ALT, AP 5% in diet Deshpande et al. 1998

Focal dysplasia, GGT 0.2%–5.0% in diet Thapliyal et al. 2003

LDH, ALT, AST 1% in diet Miyakoshi et al. 2004

Diabetes

Hypoglycemia 0.2–1.0 g in diet Arun and Nalini 2002; Kuroda et al. 2005; Nishiyama et al. 2005

Diabetic cataract 0.5% in diet Suryanarayana et al. 2005

Oxidative stress 0.5% in diet Suryanarayana et al. 2007

VEGF expression in diabetes 0.5% in diet Mrudula et al. 2007

Wound Healing

Healing of ulcer Topical application Gujral, Chowdhury, and Saxena 1953

Wound covering Paste topically Kundu et al. 2005

Inflammation and wound repaire 25% mixed with ghee topical Habiboallah et al. 2008

Renal injury 5% in diet Hashem, Soliman, and Shaapan 2008

Neuroprotection

Depression 140–560 mg/kg oral Yu, Kong, and Chen 2002

Depression 25–100 mg/kg gavage Xia et al. 2007

Cardiac Disorder

Cardiovascular performance 100 mg/kg oral Mohanty, Arya, and Gupta 2004, 2006

Arterial blood pressure and heart rate NC Adaramoye and Medeiros 2008

Arthritis

Adjuvant arthritis NC Arora et al. 1971

Freund’s adjuvant induced arthritis and acute edema NC Chandra and Gupta. 1972

Edema NC Ghatak and Basu 1972; Yegnanarayan, Saraf, and Balwani 1976

Joint inflammation and destruction 46 mg/kg, i.p. Funk et al. 2006

Hepatitis

Hepatobiliary clearance 1% in diet Deshpande, Joseph, and Samuel 2003

Atherosclerotic

Lipid peroxidation In diet Quiles et al. 1998

LDL oxidation 1.66–3.2 mg/kg oral Ram”rez-Tortosa et al. 1999

VSMC proliferation 10% oral Zhang et al. 1999

Membrane oxidation 1.66 mg/kg oral Mesa et al. 2003

Vasorelaxation 0.5% in diet Zahid Ashraf, Hussain, and Fahim 2005

Respiratory Disorders

Relaxation of aorta or atria Orally Gilani et al. 2005

Hypotensive, bradycardic, and vasodilative 10–30 mg/kg, i.v. Adaramoye and Medeiros 2008

Other

Mucin contents of gastric juice 500 mg/kg in diet Mukerji, Zaidi, and Singh 1961

Retinol de ciency 0.1% in diet Kaul and Krishnakantha 1997

Rancidity of sunflower oil 2000 mg/kg Beddows, Jagait, and Kelly 2000

Hypothyroidism In diet Deshpande et al. 2002

Indigestion In diet Platel et al. 2002

Feed intake, weight gain 0.5% in diet Gowda et al. 2008

Skin thickness, wrinkles, melanin 300–1000 mg/kg topical Sumiyoshi and Kimura In press

Spermatogenesis and fertility 600 mg/kg orally Mishra and Singh 2009

AP = alkaline phosphatase; ALT = alanine aminotransferase; LDH = lactate dehydrogenase; AST = aspartate aminotransferase; CYP = cytochrome enzymes; GGT = gamma glutamyl transpeptidase; GSH =
glutathione; LDL = low-density lipoprotein; LPO = lipid peroxidation; NC = not clear; VEGF = vascular endothelial growth factor; VSMC = vascular smooth muscle cell.
 Mice
 Hamster
 Rat
 Rabbit
 Dog
 Guinea pig
 Chicks
 Turmeric powder
 Aqueous extract of turmeric
 Ethanolic extract of turmeric
 Methanolic extract of turmeric
 Not clear

TABLE 13.5 Human Studies with Turmeric

Diseases Dose Response References

Asthma NC Relief from bronchial asthma and cough Jain, Bhatnagar, and Parsai 1979

Cancer Topical application Reduction in itching, pain, and size in external cancerous lesions Kuttan, Sudheeran, and Joseph 1987

Mutation 1500 g/day × 30 days Reduction in urinary excretion of mutagens in smokers Polasa et al. 1992

Micronuclei 600 mg/day Inhibition in micronuclei formation in oral mucosal cells and lymphocytes Hastak et al. 1997

Abdominal pain TRE Reduction of dumpy and colicky pain Niederau and Göpfert 1999

Ulcer 1500 mg Reduction of peptic ulcer Prucksunand et al. 2001

IBS 144 mg/daily × 8 weeks Reduction of abdominal pain Bundy et al. 2004

Infection Topical application Umbilical cord care after cutting Alam et al. 2008

Breathing 500 mg in diet Activation of hydrogen-producing bacterial flora in the colon, increase in breath hydrogen Shimouchi et al. 2008

IBS = irritable bowel syndrome; TRE = turmeric root extract; NC = not clear.

TABLE 13.6 Studies with Turmeric Oil

Response Dose References

In Vitro

Mutation in S. typhimurium TO Jayaprakasha et al. 2002

NO and PGE2 production in rat microglial cells 0.1–1.0 µM C. comosa Thampithak et al. 2009

Influenza, PI, RS, AD virus inhibition TO Huang et al. 2007

Multiplication of dermatophytes 1:40–1:320 TO Apisariyakul, Vanittanakom, and Buddhasukh 1995

In Vivo

Disaccharidases level 10% spent turmeric in diet Kumar, Shetty, and Salimath 2005

Sulfation of glycoconjugates level 10% spent turmeric in diet Kumar, Vijayalakshmi, and Salimath 2006

Blood glucose, abdominal fat level 0.5%–2.0% turmeric oleoresin in diet Honda et al. 2006

Total sugar content and uronic acid level 10% spent turmeric in diet Vijayalakshmi, Kumar, and Salimath 2009

LPO, GSH, free-radicals level 200 mg/kg C. comosa orally Jariyawat et al. 2009

Repellency of mosquito 0.1 mL/3 × 10 cm TO topically Tawatsin et al. 2001

Neuronal cell death of rat brain 500 mg/kg TO, i.p Rathore et al. 2008

Human Studies

Micronuclei in oral mucosal cells and lymphocytes Turmeric oleoresin and TO (600 mg/day) Hastak et al. 1997

OSF 0.6 mL of TO three times/day for 1 month Joshi et al. 2003

Sputum Volatile oil Li et al. 1998

TO = turmeric oil; PI = parainfluenza; RS = Rous sarcoma; AD = adenovirus; LPO = lipid peroxidation.
 Not defined.
 Hexane extract.
 Rat.
 Mice.

Copyright © 2011 by Taylor and Francis Group, LLC.
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