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PREFACE

It is believed that Spices is the reason that brought Romans, Jews
and Arabs to India. The search for spices was also the impetus for
Christopher Columbus’s discovery of America and for Vasco de Gama’s
voyage from Portugal to India, in the 15th century, along what is now
called the “Spice Route”. The Indonesian island where the nutmeg,
cloves, cinnamon, ginger, turmeric and mace were grown is now called
“Spice Island”. Here, wealthy ladies kept spices in lockets around their
necks so they could freshen their breaths, and gentlemen added nutmeg to
food and drink. Spices were also used for medicinal purposes, especially
in the relief of colic, gout, wounds, and rheumatism. Because of the great
demand for spices, their prices soared, and so expeditions were launched
to find their source and secure them for Europe. This struggle led to
fights between Arabs, Portuguese, Spanish, French, British, and Dutch
governments during the 17th and 18th centuries. 

This monograph focuses on the medicinal aspects of these spices.
Where is the evidence that these spices have medicinal value? Hippocrates
remarked almost 25 centuries ago “Let food be thy medicine and medicine
be thy food”. This aphorism parallels the common American saying “you
are what you eat” and the current recommendation from the United States
National Institutes of Health to consume as many as “12 servings of fruits
and vegetables a day” to prevent common diseases. How spices and
their components affect disease and what are their molecular targets, is the
collective focus of this book. We intend to demonstrate that, like modern
medicine, ancient medicine, including its pharmacopeia, was evidence-
based but based on technology different from that of today. We are
fortunate that this is so, because products that are safe and yet efficacious

vii
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are needed today more than ever before. Overall, we hope that the infor-
mation provided in this book is useful to scientists, clinicians, herbalogists,
naturopaths, and above all the people who use such products. We would
like to thank all the contributors who made this book possible and Divya
Danda for the cover design. We hope that this book will justify “Adding
Spice to Your Life”.

Bharat B. Aggarwal, Ph.D.
Ajaikumar B. Kunnumakkara, Ph. D.

viii Preface

b734_FM.qxd  4/8/2009  3:48 PM  Page viii



CONTENTS

Preface vii

About the Editors xiii

Contributors xv

Chapter 1. Traditional Uses of Spices: An Overview 1

Ajaikumar B. Kunnumakkara, Cemile Koca,
Sanjit Dey, Prashasnika Gehlot,
Supachi Yodkeeree, Divya Danda,
Bokyung Sung and Bharat B. Aggarwal

Chapter 2. Black Pepper (Piper nigrum ) and Its Bioactive 25
Compound, Piperine

Krishnapura Srinivasan

Chapter 3. Cardamom ( Elettaria cardamomum) 65
and Its Active Constituent, 1,8-cineole

Archana Sengupta and Shamee Bhattacharjee

Chapter 4. Molecular Targets and Health Benefits 87
of Cinnamon

Kiran Panickar, Heping Cao, Bolin Qin
and Richard A. Anderson

ix

b734_FM.qxd  4/8/2009  3:48 PM  Page ix



Chapter 5. Cloves (Eugenol) 117

Yoshinori Kadoma, Yukio Murakami,
Toshiko Atsumi, Shigeru Ito
and Seiichiro Fujisawa

Chapter 6. Coriander 149

Sanjeev Shukla and Sanjay Gupta

Chapter 7. Fenugreek (Diosgenin) 173

Jayadev Raju and Chinthalapally V. Rao

Chapter 8. Diallyl Sulfide from Garlic 197

Girija Kuttan and Punathil Thejass

Chapter 9. Ginger (6-gingerol) 225

Nidhi Nigam, Jasmine George
and Yogeshwer Shukla

Chapter 10. Kalonji (Thymoquinone) 257
Ahmed O. Kaseb and Abdel-Hafez A. Selim

Chapter 11. Kokum (Garcinol) 281
Manoj K. Pandey,
Ajaikumar B. Kunnumakkara
and Bharat B. Aggarwal

Chapter 12. Capsaicin — A Hot Spice in the 311
Chemoprevention of Cancer

Joydeb Kumar Kundu and Young-Joon Surh

Chapter 13. Rosemary (Rosmarinic Acid) 341

Jongsung Lee, Eunsun Jung, Jienny Lee
and Deokhoon Park

x Contents

b734_FM.qxd  4/8/2009  3:48 PM  Page x



Chapter 14. Mint and Its Constituents 373

Ajaikumar B. Kunnumakkara,
Jing-Gung Chung, Cemile Koca and Sanjit Dey

Chapter 15. Turmeric (Curcumin) 403

Jen-Kun Lin and Shoei-Yn Lin Shiau

Index 425

Contents xi

b734_FM.qxd  4/8/2009  3:48 PM  Page xi



b734_FM.qxd  4/8/2009  3:48 PM  Page xii

This page intentionally left blankThis page intentionally left blank



ABOUT THE EDITORS

Dr. Bharat B. Aggarwal is a Professor of Medicine, Immunology,
Biochemistry, Experimental Therapeutics, and Chief of the Cytokine
Research Laboratory at  the University of Texas M.D. Anderson Cancer
Center, Houston. He currently holds the Ransom Horne, Jr., Endowed
Professorship in Cancer Research. He earned his PhD in biochemistry
from the University of California, Berkeley, did his postdoctoral fellow-
ship at the University of California Medical Center, San Francisco and
then worked for almost ten years with Genentech before moving to
Texas. Dr. Aggarwal was the first to isolate TNF-α and TNF-β and iden-
tify their receptors.

He has published more than 500 original articles in peer-reviewed
journals, currently serving on the editorial boards of more than a dozen
journals, edited 12 books and granted 35 patents. He has delivered more
than 300 lectures, both nationally and internationally, and has been listed
as one of the “World’s Most Highly Cited Scientists”. He has received
numerous awards, most recently the Ranbaxy Award, an Outstanding
Scientist Award from the American Association of Indian Scientists in
Cancer Research, and a McCormick Science Institute Research Award
from the American Society of Nutrition. The primary focus of Dr.
Aggarwal’s research is the role of inflammatory pathways in tumorige-
nesis and other diseases and their modulation by natural products
including dietary agents, spices, Ayurvedic medicine, and traditional
Chinese medicine.

xiii

b734_FM.qxd  4/8/2009  3:48 PM  Page xiii



Dr. Ajaikumar B. Kunnumakkara is currently working at the Signal
Transduction Section of the Medical Oncology Branch, National Cancer
Institute, National Institute of Health, Bethesda in USA. He obtained his
PhD in biochemistry from University of Calicut, Kerala (the land of
spices where Vasco De Gama first landed), India; did his postdoctoral
work at the University of Texas M.D. Anderson Cancer Center in
Houston, Texas. Dr. Kunnumakkara has published more than 40 original
articles and review papers in peer-reviewed journals, and has authored
seven book chapters. The primary focus of his research is to identify safe,
efficacious and affordable anti-inflammatory, antitumor and antimetasta-
tic compounds from natural sources and to develop different in vivo
models for biomedical research.

xiv S. Shukla and S. Gupta

b734_FM.qxd  4/8/2009  3:48 PM  Page xiv


	CONTENTS
	Preface
	About the Editors
	Contributors
	Traditional Uses of Spices
	Chapter 1. Traditional Uses of Spices: An Overview
	INTRODUCTION
	BLACK PEPPER
	CARDAMOM
	CINNAMON
	CLOVES
	CORIANDER
	FENUGREEK
	GARLIC
	GINGER
	KALONJI
	KOKUM
	MINT
	RED CHILI
	ROSEMARY
	TURMERIC
	CONCLUSION
	REFERENCES

	Chapter 2. Black Pepper (Piper nigrum) and Its Bioactive Compound, Piperine
	INTRODUCTION
	TRADITIONAL USES
	PEPPER AS ANCIENT MEDICINE
	CHEMICAL CONSTITUENTS
	DIVERSE EXPERIMENTALLY VALIDATED BENEFICIAL PHYSIOLOGICAL EFFECTS OF BLACK PEPPER AND PIPERINE
	Influence on the Gastrointestinal System (Table 1)
	Digestive stimulant action
	Effect on gastric mucosa
	Antidiarrheal property
	Influence on absorptive function
	Influence on gastrointestinal motility and food transit time

	Inhibitory Influence of Piperine on Drug Metabolizing Enzyme System (Table 2)
	Piperine Enhances the Bioavailability of Drugs and Phytochemicals (Table 3)
	Antioxidant Effect of Piperine (Table 4)
	Antimutagenic and Tumor Inhibitory Effects (Table 4)
	Other Physiological Effects (Table 5)
	Animal studies
	In vitro studies


	MOLECULAR TARGETS
	ABSORPTION AND METABOLISM OF PIPERINE
	CONCLUSIONS
	REFERENCES

	Chapter 3. Cardamom ( Elettaria cardamomum) and Its Active Constituent, 1,8-cineole
	INTRODUCTION
	CHEMICAL COMPOSITION OF CARDAMOM
	IN VITRO STUDIES
	IN VIVO STUDIES
	GASTROPROTECTIVE EFFECTS
	Hepatoprotective Effect
	Cardiovascular Effects
	Anti-Inflammatory Effect
	Analgesic and Anti-Spasmodic Effect
	Anti-Oxidative Effect
	Anti-Carcinogenic Effect
	Effect of Cardamom as an Ingredient of Garam Masala

	MOLECULAR TARGETS
	CLINICAL STUDY
	CONCLUSION
	REFERENCES

	Chapter 4. Molecular Targets and Health Benefits of Cinnamon
	INTRODUCTION: OTHER NAMES AND TRADITIONAL USES
	CHEMICAL CONSTITUENTS
	MOLECULAR TARGETS
	IN VITRO STUDIES
	CPE Increases GLUT1 mRNA Levels in Macrophages
	CPE Increases TTP mRNA and Protein Levels in Adipocytes
	CPE Decreases VEGF mRNA Levels in Adipocytes
	CPE Increases TTP mRNA and Protein Levels in Macrophages
	Cinnamon Inhibits the Formation of Advanced Glycation Endproducts (AGEs)
	Cinnamon and Its Components Improve Neural Function

	ANIMAL STUDIES
	Glucose and Insulin Effects of Cinnamon and Its Components
	Cinnamon Extract Improves Dyslipidemia
	Cinnamon Extract Inhibits Systolic Blood Pressure
	Cinnamon and Its Components as Antioxidants

	CLINICAL TRIALS
	Model of Cinnamon Effects

	CONCLUSIONS
	REFERENCES

	Chapter 5. Cloves (Eugenol)
	INTRODUCTION
	CHEMICAL CONSTITUENTS
	MOLECULAR TARGETS
	Phenoxyl Radical Attack
	COX-2 Inhibition

	IN VITRO STUDIES
	Radical-Scavenging Activity Under Cell-Free Conditions
	Theoretical Parameters
	Phenolic O-H bond dissociation enthalpy (BDE) and ionization potential (IP)
	Chemical hardness ( η), electronegativity (χ)
and electrophilicity ( ω)

	Cytotoxicity
	QSAR Studies
	Dependence on inhibition rate constant, kinh
	Dependence on chemical hardness, η


	ANIMAL STUDIES AND CLINICAL TRIALS
	REFERENCES

	Chapter 6. Coriander
	INTRODUCTION
	HISTORY OF CORIANDER
	PLANT DESCRIPTION
	BIOACTIVE CONSTITUENTS OF CORIANDER
	BIOLOGICAL PROPERTIES OF CORIANDER
	CULINARY USES OF CORIANDER
	TRADITIONAL HEALTHCARE USES OF CORIANDER
	BIOLOGICAL EFFECTS OF CORIANDER BASED ON SCIENTIFIC EVIDENCE
	Preclinical Studies
	Clinical Studies

	ADVERSE EFFECTS AND SAFETY ISSUES
	CONCLUSIONS
	REFERENCES

	Chapter 7. Fenugreek (Diosgenin)
	INTRODUCTION
	BIOACTIVE COMPONENTS
	METABOLIC DISEASES
	CANCER
	IN VIVO STUDIES
	IN VITRO STUDIES
	Cell Growth
	Cell Cycle and Apoptosis
	Cyclooxygenase and Lipoxygenase
	Fatty Acid and Cholesterol Biosynthetic Pathway

	CONCLUSION AND FUTURE RESEARCH
	ACKNOWLEDGMENTS
	REFERENCES

	Chapter 8. Diallyl Sulfide from Garlic
	INTRODUCTION
	CHEMISTRY OF GARLIC
	ANTICARCINOGENIC ACTIVITY OF DAS
	MOLECULAR MECHANISMS (TARGETS) FOR ANTICANCER ACTIVITY OF DAS
	Inhibition of Phase 1 Enzymes
	Induction of Phase II Enzymes
	Inhibition of DNA Adduct Formation
	Induction of Cell-Cycle Arrest
	Induction of Apoptosis
	Inhibition of Tumor Angiogenesis
	Modulation of Immune System
	Modulation of Inflammation

	CONCLUDING REMARKS AND FUTURE DIRECTIONS
	REFERENCES

	Chapter 9. Ginger (6-gingerol)
	INTRODUCTION: OTHER NAMES AND TRADITIONAL USES
	CHEMICAL CONSTITUENTS
	MOLECULAR TARGETS
	Nuclear Factor-kappa B
	Activator Protein-1
	Growth Factor Signaling and Angiogenesis
	Cell-Cycle Arrest and Apoptosis
	Chemokines and Metastasis
	Tumor Necrosis Factor
	Cyclooxygenase-2
	Lipoxygenase
	Inducible Nitric Oxide Synthase
	Vanilloid Receptor Subtype-1

	PHARMACOLOGICAL PROPERTIES
	Antimicrobial Effects
	Analgesic and Hypoglycemic Effects
	Cardioprotective Effects
	Antioxidant and Anti-inflamatory Effects

	IN VITRO STUDIES
	Skin Cancer
	Pulmonary Cancer
	Breast Cancer
	Gastrointestinal Cancer
	Pancreatic Cancer
	Renal Cancer
	Prostate Cancer
	Ovarian Cancer

	ANIMAL STUDIES
	Skin Cancer
	Gastrointestinal Cancer
	Colon Cancer
	Breast Cancer
	Prostate Cancer

	CLINICAL TRIALS
	Motion Sickness
	Nausea and Vomiting
	Pregnancy-induced
	Postoperative
	Chemotherapy induced

	Arthritis
	Vascular Conditions

	CONCLUSIONS
	REFERENCES

	Chapter 10. Kalonji (Thymoquinone)
	INTRODUCTION
	CHEMICAL CONSTITUENTS
	Nigella sativa; Kalonji
	Thymoquinone

	CHEMOPREVENTIVE POTENTIALS
	Thymoquinone as an Antioxidant Agent
	Thymoquinone as an Anti-Inflammatory Agent

	CHEMOTHERAPEUTIC POTENTIALS
	Effect of TQ on Proliferation/Viability and Cell Cycle Control Regulators
	Effect of TQ on Apoptosis
	Effect of TQ on Angiogenesis

	ADDITIONAL OBSERVATIONS OF THYMOQUINONE ANTICANCER EFFECTS
	Effect on Resistant Variants of Cancer Cells
	Reducing Side Effects of Other Chemotherapies

	POTENTIAL BENEFITS OF ANTICANCER HERBAL EXTRACTS
	CONCLUSION
	REFERENCES

	Chapter 11. Kokum (Garcinol)
	INTRODUCTION
	CHEMICAL CONSTITUENTS
	MOLECULAR TARGETS
	Garcinol Suppresses the Production of Reactive Oxygen Species (ROS)
	Garcinol Suppresses the Proliferation of Tumor Cells
	Garcinol Inhibits Signaling of Nuclear Factor-Kappa B (NF- κB)
	Garcinol Inhibits Phosphatidylinositol 3'-Kinase/Protein Kinase B (PI3K/Akt)
	Garcinol Inhibits Mitogen-Activated Protein Kinase (MAPK)
	Garcinol Inhibits Src
	Garcinol Inhibits Signal Transducer and Activator of Transcription-1 (STAT-1)
	Garcinol Inhibits iNOS
	Garcinol Inhibits COX-2
	Garcinol Inhibits Matrix Metalloproteinase 7 (MMP-7)
	Garcinol Inhibits Tubulin
	Garcinol Inhibits Expression of Cyclin D1
	Garcinol Inhibits the Expression of Bcl-2
	Garcinol Inhibits DNA Fragmentation Factor (DFF) 45
	Garcinol Induces Cleavage of Poly(ADP-ribose) Polymerases (PARPs)
	Garcinol Inhibits CBP/p300 Histone Acetyltransferase (HAT) and Histone Deacetylase (HDAC)
	Garcinol Inhibits the Activation of Focal Adhesion Kinase (FAK)
	Garcinol Inhibits Tumor Necrosis Factor-alpha (TNF-α)
	Garcinol Inhibits Cytosolic Phospholipase A2 (PLA2)
	Garcinol Induces Glutathione S-transferase (GST)
	Garcinol Inhibits Cytochrome c
	Garcinol Induces BID
	Garcinol Induces BAD
	Garcinol Induces Cleavage of the D4-GDP Dissociate Inhibitor (D4-GDI)
	Garcinol Induces the Activation of Caspase-3 and Caspase-9

	BIOLOGICAL ACTIVITIES OF GARCINOL
	Antibacterial Activity of Garcinol and Its Derivatives
	Antioxidant Activity of Garcinol
	Antiviral Activity of Garcinol and Its Derivatives
	Anticarcinogenic Activity of Garcinol and Its Derivatives

	IN VIVO ACTIVITIES OF GARCINOL
	Antiulceration Activity of Garcinol
	Garcinol Inhibits Colonic ACF
	Garcinol Inhibits Oral Tongue Carcinogenesis

	CLINICAL STUDIES
	CONCLUSIONS
	REFERENCES

	Chapter 12. Capsaicin — A Hot Spice in the Chemoprevention of Cancer
	INTRODUCTION
	EFFECTS ON EXPERIMENTAL MUTAGENESIS
	EFFECTS ON CARCINOGEN-INDUCED TUMOR FORMATION IN EXPERIMENTALANIMALS
	MOLECULAR MECHANISMS OF CHEMOPREVENTION WITH CAPSAICIN
	Inhibition of Metabolic Activation of Carcinogens
	Antioxidant Effects — Attenuation of Oxidative DNA Damage and Tissue Injury
	Antiproliferative Effects
	Induction of Tumor Cell Apoptosis
	Anti-Inflammatory Activity
	Effects on Tumor Angiogenesis and Metastasis
	Role in Chemosensitization

	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

	Chapter 13. Rosemary (Rosmarinic Acid)
	INTRODUCTION
	CHEMICAL CONSTITUENTS
	Single Compounds
	Derivatives of Rosmarinic Acid

	MOLECULAR TARGETS
	IKK-β
	Itk and PLC-γ

	IN VITRO STUDIES
	Rosmarinic Acid Inhibits CCL11 Expression Via the Suppression of IKK
	Inhibition of Itk and PLC-γ1 Activity by Rosmarinic Acid

	ANIMAL STUDIES
	CLINICAL TRIALS
	Atopic Dermatitis
	Seasonal Allergic Rhinoconjunctivitis

	CONCLUSIONS
	REFERENCES

	Chapter 14. Mint and Its Constituents
	INTRODUCTION
	TRADITIONAL USES OF MINT
	CHEMICAL CONSTITUENTS OF MINT
	BIOLOGICAL ACTIVITIES OF MINT
	Mint as an Acetyl Cholinesterase and Butyrylcholinesterase Inhibitor
	Insecticidal Activity of Mint
	Antibacterial and Antifungal Activities of Mint
	Antiviral Activity of Mint
	Antioxidant Activities of Mint
	Antimutagenic Activity of Mint
	Antinoceceptive Activity of Mint
	Suppression of Neutrophil Recruitment in Mice by Mint Essential Oil
	Effect of Mint on Iron Absorption in Rats
	Mint Possess Anti-Androgenic Activity In Vivo
	Contraceptive Activity of Mint and Its Reversibility
	Radioprotective Activity of Mint
	Immunomodulatory Activity of Mint
	Gastroprotective Activity of Mint
	The Effect of Mint on the Nervous System
	Cardiovascular Effects of Mint
	Antitumor Activities of Mint

	CLINICAL STUDIES
	Mint Inhibits Androgen Levels in Women with Hirsutism
	Mint Inhibits Irritable Bowel Syndrome
	Mint and Respiratory Tract Disorders
	The Effect of Mint Against Gallbladder Stones
	The Effect of Mint on the Skin
	The Effect of Peppermint on Gastrointestinal Disorders

	TOXICITY STUDIES OF MINT
	The Effect of Mint on Uterine Tissue in Rats
	The Effect of Mint on Liver Tissues of Rats
	Toxicity of Mint in Humans

	MINT BASED RECIPES
	1. Mint Fried Rice
	Ingredients
	Method

	2. Mint Sandwich
	Ingredients
	Method


	CONCLUSION
	REFERENCES

	Chapter 15. Turmeric (Curcumin)
	INTRODUCTION
	TURMERIC AND CURRY POWDER
	CURCUMA SPECIES
	CHEMICAL CONSTITUENTS OF TURMERIC
	BIOLOGICAL ACTIVITIES OF CURCUMIN IN VITRO AND IN VIVO
	Scavenging of ROS
	Inhibition of Carcinogenesis
	Induction of Apoptosis
	Neuroprotective Effects of Curcumin

	ANTICANCER EFFECTS OF CURCUMIN
	MOLECULAR TARGETS OF CURCUMIN
	THE PIVOTAL ROLE OF NF-κB SIGNALING
IN CANCER CHEMOPREVENTION BY CURCUMIN
	CLINICAL APPLICATION OF CURCUMIN
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

	Index

