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Ginger, obtained from the rhizome of Zingiber officinale (Family Zingiberaceae), 

has been used extensively as a spice and in traditional medicine.  The compounds in 

ginger primarily responsible for its medicinal properties are the gingerols.  Gingerols can 

undergo dehydration, during storage and processing, to form the corresponding shogaols.  

Studies conducted so far have primarily focused on the biological activities of ginger and 

6-gingerol.  The main objectives of this research were to evaluate the anti-inflammatory 

and chemopreventive activities of gingerols and shogaols. 

  The crude ginger extract was subjected to column chromatography to obtain a 

mixture of gingerols, a mixture of shogaols, 6- gingerol, 8-gingerol and 6-shogaol which 
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were characterized using high pressure liquid chromatography and nuclear magnetic 

resonance spectroscopy.   

The anti-inflammatory activity of 6-gingerol and 6-shogaol was evaluated using 

the 12-O-tetradecanoylphorbol-13-acetate-induced mouse ear inflammatory model.  Both 

6-gingerol and 6-shogaol inhibited ear edema as well as the levels of proinflammatory 

cytokines. 

The primary focus of this study was to evaluate the chemopreventive potential of 

these compounds on prostate cancer cells (LNCaP and PC-3). We hypothesized that 

gingerols and shogaols exhibit their chemopreventive potential through the modulation of 

the intrinsic pathway of apoptosis.  Cell viability studies indicated that, among the 

compounds tested, 6-shogaol, 8-gingerol and shogaol mixture were the most effective in 

inhibiting cell growth in both cell lines.  Morphological assessment, cell cycle, Annexin 

V staining and western blot analysis showed that 8-gingerol and 6-shogaol induced 

apoptosis in both the cell lines.  Western blot analysis further confirmed our hypothesis 

that 8-gingerol and 6-shogaol induced apoptosis through activation of the intrinsic 

pathway of apoptosis as seen by caspase-9 cleavage.  In addition, 8-gingerol and 6-

shogaol induced the production of reactive oxygen species (ROS) which correlated well 

with the induction of apoptosis.  This suggests that production of ROS could be one of 

the mechanisms of apoptosis induction by these compounds.  

In conclusion, our study shows for the first time that gingerols and shogaols 

isolated from ginger were able to inhibit the growth of prostate cancer cells. 6-shogaol 

and 8-gingerol were able to induce apoptosis in both cell lines by activation of the 

intrinsic pathway of apoptosis.  
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Introduction 

 

 Ginger, obtained from the rhizome of Zingiber officinale (Family Zingiberaceae) 

has been used as a spice and in traditional medicine due to its characteristic pleasant 

flavor, spicy taste and health beneficial properties [1-4].  The pleasant sweet citrus like 

aroma of the volatile oil of ginger has led to its wide popularity as a spice and flavorant in 

cooking [5,6].  In addition, fresh and dried ginger have been used as a stomachic, anti-

emetic, cardiotonic, anti-diarrheal as well as in the treatment of arthritis and certain 

respiratory disorders in several traditional systems of medicine [7-11].  Most of the above 

pharmacological actions and the characteristic pungent taste of ginger are due to the 

composition of its oleoresin, primarily consisting of gingerols.     

 

Chemistry of ginger  

The chemistry of ginger has been widely investigated over the past several 

decades.  The compounds in ginger primarily responsible for its characteristic spicy taste 

and pungency, such as gingerols, gingerdiols, zingerone and shogaols, make up almost 

8% of the oleoresin [1,2,4,12,13].      

Gingerols are a homologous series of phenyl alkanones, primarily consisting of 6-, 

8- and 10- gingerol (Figure 1), which differ in the length of their alkyl side chain.  

Among these, 6-gingerol is the most pungent (75% pungency) followed by 10-gingerol 

and 8-gingerol [5,14,15].  The content of gingerols, varies depending on the type of 

cultivar, variety and  geographical location and is often used to estimate the freshness of 

ginger [16,17].  
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FIGURE 1 

Chemical structures of the pungent components of ginger 
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On storage or dehydration, gingerols can lose a molecule of water to form the 

corresponding shogaols as shown in Figure 2 [16].  The dehydration of 6-gingerol to 6-

shogaol was shown to be favored at higher temperatures and acidic pH [3,15].  In 

addition, 6-gingerol can also undergo retro-aldol condensation to form zingerone.  

Gingerols, shogaols and zingerones are primarily responsible for the characteristic spicy 

pungent taste of ginger.  In addition the oleoresin also contains, compounds such as 

gingenesulfonic acid, shagosulfonic acids and cyclic diaryl heptanoids which have been 

shown to contribute to the pharmacological activity of ginger [18-20].  

 The volatile oil of ginger consists of a mixture of terpenes (including 

monoterpenes and sesquiterpenes) and nonterpenoid compounds which are responsible 

for the characteristic flavor and taste of ginger [5,21].  The main components responsible 

for the aroma of fresh ginger are geranial (citrus-like), geranial acetate (floral), geraniol 

(floral), neral, (citrus-like), linalool (floral), zingiberene (citrus-like),  sesquiphellandrene 

and farnesene [5,22,23].   
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FIGURE 2 

Degradation of gingerols during storage and processing 
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Biological effects of ginger 

 Ginger has been used for the treatment of several conditions such as cold, flu, 

gastrointestinal disturbances and arthritis in traditional systems of medicine.  Recent 

studies have shown ginger to possess anti-oxidant, anti-inflammatory, chemopreventive, 

hypoglycemic, analgesic, antipyretic, anxiolytic, anti-emetic, antifungal and 

cardiovascular properties in both in vivo and in vitro models [9,11,24-41].   

 

Gastrointestinal effects 

Ginger exhibits several beneficial effects on the gastrointestinal tract and has been 

used for this purpose in several traditional systems of medicine.  Ginger and its 

components (6-gingerol and 6-shogaol) have been shown to increase intestinal transport 

in mice by inhibiting muscle movement [42,43] and aid in digestion by enhancing vagal 

gastric nerve activity leading to activated gastric function [44].  Ginger has also been 

shown to increase the levels of pancreatic lipase, amylase, trypsin and chymotrypsin and 

the levels of intestinal lipase, amylase, alkaline phosphatase and acid phosphatase in rats 

thus aiding in the digestion of fats, proteins, starch and fiber [45].  The anti-diarrheal 

properties of ginger have been attributed to its ability to inhibit motility and smooth 

muscle contractions in isolated rat ileum [25,46].  In addition, ginger has been shown to 

possess anti-ulcer and hepatoprotective activity owing to its membrane stabilizing and 

anti-oxidant properties [11,28,47].   

Ginger is also used commonly to treat nausea and vomiting caused due to motion 

sickness, pregnancy and other conditions.  Its efficacy is attributed to the pungent 

principles and the volatile oils present in ginger, which act by stimulating tone and 
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peristalsis of the stomach [48].  Due to its direct effect on the gastrointestinal tract, ginger 

does not cause the common side effects, such as drowsiness, seen with commercially 

available anti-emetics.  Several clinical studies have shown ginger to be beneficial in 

nausea and vomiting caused due to pregnancy, chemotherapy, motion sickness and other 

conditions [48-55].   

 

Antioxidant effects 

Free radicals are highly reactive chemical species, generated during respiration,  

oxidative phosphorylation reactions and inflammation, that have the capacity to cause 

cell and DNA damage [56].  The antioxidant defense mechanisms in the body, consisting 

of enzymes such as superoxide dismutase, glutathione peroxidase and catalase serve to 

inactivate these free radicals.  Reactive oxygen species (ROS) such as superoxide and 

hydrogen peroxide and reactive nitrogen species (RNS) such as peroxynitrite and nitric 

oxide when present in excessive amounts can result in oxidative stress leading to the 

development and promotion of several ailments such as cancer, inflammation and heart 

disease [57].  Antioxidants act by trapping these ROS and RNS, thereby reducing the 

oxidative stress.  Dietary antioxidants such as vitamin C, tocopherols and certain 

phytochemicals such as tea have received tremendous attention due to this property and 

are therefore beneficial to health.  The antioxidant properties of ginger have been 

investigated in several in vitro and in vivo studies [24,27,34,57-62].  Ginger has been 

shown to inhibit lipid peroxidation, superoxide dismutase activity, increase glutathione 

content as well as scavenge free radicals in animal models [24,34,57,63].      
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Anti-inflammatory activity 

Ginger and its pungent components have been shown to possess anti-

inflammatory properties in several in vivo and in vitro studies [31].  They have been 

shown to inhibit platelet aggregation and arachidonic acid metabolism (including 

cyclooxygenase (Cox) and lipoxygenase (Lox)) thus exhibiting anti-inflammatory, anti-

pyretic and analgesic properties [26,33,64-70].  Ginger also exhibited a dose dependent 

inhibition of tumor necrosis factor-α (TNFα), nuclear factor-κB (NF-κB) DNA binding 

activity as well as degradation of inhibitory κB (IκB) in-vitro [37,71].   Ginger and its 

active component 6-gingerol have been shown to decrease Cox-2 expression and lower 

the production of eicosanoids in a dose dependent manner in mouse skin due to the down 

regulation of NF-κB and mitogen activated protein kinases (MAPK) [37,71].  In activated 

macrophages, 6-gingerol was shown to inhibit nitric oxide synthesis, lower the levels of 

inducible nitric oxide synthase protein and inhibit DNA damage induced by peroxy nitrite 

in a dose dependent manner [31,36].   

      

Arthritis – Arthritis or inflammation of the joints affects nearly 1 in 3 adults in the United 

States of America and can occur in various forms such as osteoarthritis and rheumatoid 

arthritis  [72,73].  The most common method of treating arthritis is with the use of anti-

inflammatory agents.  However they are slow acting and can cause long-term toxicity.  

Alternative medicine and herbal supplements are gaining popularity due to their safety 

and low toxicity.  A few clinical trials have shown ginger to significantly reduce 

symptoms of knee osteoarthritis compared to placebo [74]. In addition in vivo and in vitro 

studies have also shown the anti arthritic effect of ginger.  Ginger has also been shown to 
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decrease the levels of several pro-inflammatory mediators, which have been shown to be 

important in arthritis, such as prostaglandin E2 (PGE2) and TNF in an in vitro study using 

human synoviocyte cells.  In addition ginger also suppressed the expression of Cox-2 and 

NF-κB in these cells [37].  6-shogaol (a pungent constituent of ginger) was recently 

shown to decrease the chronic inflammatory response in arthritic knee of rats [75].      

  A few studies have shown ginger to possess pro-inflammatory properties. Ginger 

has been shown to induce the expression of nitric oxide synthase and increase the levels 

of nitric oxide in a mouse macrophage cell line [76].  However, 6-gingerol inhibited the 

formation of nitric oxide in LPS treated macrophages in a dose dependent manner [36].   

 

Chemopreventive activity 

 Cancer is the second leading cause of death in the United states after heart disease 

[77].  The treatment of cancer usually involves radiation and chemotherapy.  However in 

recent years, phytochemicals are being evaluated for their chemopreventive activity due 

to their strong antioxidant properties and fewer side effects.  The chemopreventive 

activity of ginger has been established in a few in vivo and in vitro studies [30,78-84].   

 The chemopreventive activity of ginger has been evaluated in a few animal 

models of cancer.  Ginger extract has been found to exert a protective effect on urinary 

bladder cancer in rats [85], 1,2-dimethylhydrazine induced colon cancer during the 

initiation and post-initiation stages in rats [86], spontaneous mammary gland 

tumorigenesis [87] and on skin carcinogenesis in mice [88-90]. Ginger extract was shown 

to dose dependently decrease the incidence of skin tumor caused by the dual application 

of DMBA and TPA. In addition, the authors have shown that ginger extract was able to 
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decrease the levels of several biochemical markers involved in carcinogenesis such as 

ornithine decarboxylase, cyclooxygenase and lipoxygenase in a dose dependent manner 

[88].  In a similar study 6-gingerol and 6-paradol were able to decrease the incidence of 

skin tumors and induction of ornithine decarboxylase activity in mice [89,90]. 

The chemopreventive activity of ginger has also been evaluated in a few in vitro 

studies.  These studies have shown that ginger and some of its active components such as 

6-gingerol, 6-shogaol and 6-paradol induce apoptosis and decrease cell growth in 

different cancer cell lines [91-98].  A recent study conducted on a hepatoma cell line 

concluded that 6-shogaol induced apoptosis by induction of reactive oxygen species 

leading to oxidative stress and activation of the caspase cascade [92].  A study conducted 

in Korea in 2005 showed that 6-gingerol was able to inhibit tumor growth by decreasing 

angiogenesis (formation of new blood vessels) in vivo as well as in vitro [99].   

In addition, studies have also shown ginger to be effective in inhibiting other 

factors which lead to the development of cancer. Ginger extract, gingerols and 6-

shogaol have been shown to inhibit the growth of Helicobacter pylori (a bacterium that 

has been known to be involved in the development of gastric cancer) in vitro thus 

exerting a chemopreventive effect [100].   

  

Cardiovascular effects 

 Ginger and its components have been shown to exhibit cardio-protective activity 

through several mechanisms such as lowering of blood pressure and inhibition of 

arachidonic acid metabolism [101,102].  Metabolites of arachidonic acid such as 

thromboxanes are important in blood clotting and may promote ischemic heart disease.  
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Ginger and its active constituents such as gingerols, shogaols and paradols have been 

shown to inhibit arachidonic acid induced human platelet aggregation as well as Cox and 

thromboxane synthase activity in vitro and thus may be beneficial in heart disease 

[33,67,70].       

Ginger and its components have been shown to dose dependently decrease the 

synthesis of cholesterol in vivo and in vitro [29,103].  It has also been shown to lower the 

levels of triglycerides, total cholesterol, low density and very low density lipoproteins in 

plasma and also decrease the oxidation and subsequent uptake of lipoprotein by 

atherosclerotic mice and cholesterol fed rabbits [104,105].  By all of the above mentioned 

mechanisms ginger could be beneficial in heart disease and for general cardiovascular 

health.    

 

Anti-diabetic activity 

The anti-diabetic activity of ginger has been shown in a few studies.  Ginger has 

been shown to decrease fasting blood sugar levels and increase insulin concentration in 

streptozocin-induced diabetic rats, while having no effect on normal rats [103].  However, 

in another study, administration of ginger extract lead to a dose dependent decrease in 

glucose levels in both normal and diabetic rats [106].  In addition, several compounds 

isolated from ginger have been shown to inhibit the enzyme aldose reductase (which has 

been shown to play an important role in diabetic complications) in vitro.  In addition, 

these compounds also inhibited lens galactitol accumulation in rats and sorbitol 

accumulation in isolated human erythrocytes.  Interestingly, 6-gingerol and 6-shogaol did 

not show such potent activity in any of these assays [107].        
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Toxicological effects of ginger 

In spite of the above beneficial health effects, some studies have shown ginger to 

possess certain harmful properties.  Ginger and some of its constituents have been shown 

to be mutagenic in nature and induce chromosome breakage, somatic segregation, C-

mitosis as well as multiple anaphases in bulbs of Allium cepa [108].  In addition, ginger 

extract was shown to be genotoxic to murine bone marrow cells [109].  In a study 

conducted in pregnant rats, there was an increase in the number of embryonic deaths and 

fetal re-absorption on administration of ginger [110].  However no evidence of maternal 

toxicity or teratological changes in fetus was observed. The surviving fetuses were 

heavier, which the authors suggest was probably due to increased fetal growth when 

compared to the control rats [110,111].      

Ginger extract has been shown to be safe when administered to mice up to a 

concentration of 300 mg/kg body weight.  However, on administration of 500 and 700 

mg/kg body weight, a mortality rate of 50% and 100% was observed respectively [63].  

Administration of an ethanolic ginger extract (upto 100 mg/kg body weight) by oral 

gavage did not lead to any significant changes in blood glucose levels, blood coagulation,  

blood pressure or heart rate [112].  6-gingerol and 6-shogaol appear to be safe when 

administered orally to mice with LD50 of 250 and 687 mg/kg body weight respectively.    

 

Bioavailability of ginger  

Most studies conducted on the bioavailability of ginger, have focused on 6-

gingerol.  On oral administration to rats, 6-gingerol undergoes oxidation of its phenolic 

side chain and conjugation to primarily glucoronides in the liver [113,114].  Metabolites 
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such as vanillic acid and ferulic acid were also found in the urine, probably due to 

metabolism in the intestine.  In addition, 6-gingerol and 6-shogaol were shown to be 

enzymatically reduced to gingerdiol and 6-paradol respectively, in isolated rat liver [115].  

On intravenous administration, 6-gingerol was found to be rapidly cleared from the 

plasma with a half life of 7.23 minutes and less than 0.1% of the dose remained in the 

plasma after 30 minutes [116]. In rat liver microsomes, 6-shogoal was shown to be 

metabolized to 6-paradol through enzymatic reduction [115].   
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Cancer 

Cancer is a hyper-proliferative disorder of the cells, characterized by uncontrolled 

cell growth and impaired cell division [117-119].  It is caused by a combination of 

several different events such as mutations, DNA lesions, activation of oncogenes and 

inactivation of tumor suppressor genes [119-121].  These events are thought to be caused 

due to exposures to several factors for extended periods of time.  Some of these factors 

include personal habits (smoking, alcoholism, and a lethargic life style), environmental 

agents (occupational exposures, environmental pollution, radiation such as ultraviolet and 

ionizing radiation), genetic constitution, endogenous damage (such as oxidative stress, 

inflammation and infection), hormonal dysfunctions, chronic infections and food 

contaminants such as mycotoxins [117-133].   

Diet and nutrition have been shown to play a major role in the development and 

progression of cancer and several other diseases. A diet rich in antioxidants, vitamins and 

fiber has been recommended for a healthy lifestyle [120,121,134,135].  It has been 

suggested that almost 30% of cancers occurring worldwide is due to the dietary pattern.  

Excessive intake of salt, in addition to causing hypertension has also been shown to 

increase the incidence of stomach cancers.  Certain food additives such as saccharin have 

been shown in animal models to increase the risk of certain types of cancers. In addition a 

diet rich in animal fat and calories has been shown to hasten the process of 

carcinogenesis [120,129].   

There are several mechanisms involved in the development and progression of 

cancer such as mutations, DNA lesions, impaired cell division, and impaired defense 

mechanisms.  In normal cells there is a fine balance between growth-promoting and 
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growth-inhibiting signals which keep cell proliferation and cell differentiation under 

control [136].  However during cancer, due to mutations in genes controlling such 

processes, this fine balance may be lost, leading to uncontrolled cell division, loss of 

differentiation and disruption of normal programmed cell death processes [118,137].   

The normal growth and differentiation of cells is controlled by a tightly regulated 

cell cycle, where DNA duplication and cell division occurs [137-139].  The cell cycle 

consists of two major steps, the S phase in which DNA synthesis takes place and the M 

phase where mitosis (or cell division) takes place. These 2 phases are separated by a gap 

phase (G2) where the cells are preparing for cell division after undergoing DNA synthesis. 

The first gap phase occurs before the S phase (G1), during which the cells get prepared to 

synthesize the DNA [138,139]. The progression of the cell from one stage to another is 

controlled by the formation, activation and subsequent degradation of a series of cyclins 

and cyclin dependent kinases (CDKs).  Each stage of the cell cycle is controlled and kept 

in check by several genes so that damaged DNA does not progress through the cell cycle. 

However, in cancer cells due to mutations in several of the key genes involved, cells with 

damaged DNA may be able to proceed through the cell cycle, leading to genomic 

instability and cancer [120,137,140-149].   

Some of the key genes involved in the progression of cancer are the proto-

oncogenes, the tumor suppressor genes and DNA repair genes. The proto-oncogenes such 

as ras, myc and Bcl-2 play important roles in the control of cell proliferation, cell 

differentiation, cell cycle and apoptosis. Mutations in these genes lead to a gain in 

function. The tumor suppressor genes, such as p53 and p16, on the other hand, arrest cell 

progression through the cell cycle and block differentiation.  One of the most widely 
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studied mutation involves the p53 gene that has been shown to occur in over 50% of all 

cancers [120,137,143,149].  During the cell cycle, DNA lesions (such as chromosome 

breaks) can be passed on during cell division leading to mutations and uncontrolled cell 

division thus aiding in the process of carcinogenesis [120].         

The high mortality and low prognosis rate of cancer is most commonly due to the 

late detection [118].  The treatment of cancer primarily involves radiation and 

chemotherapy.  However due to the diverse mechanisms involved in the pathogenesis and 

progression of cancer, it has been challenging to control this disease.  Although the 

treatment of cancer has progressed over the past several years, it is not satisfactory as yet.  

Hence the term chemoprevention has been coined, which may be defined as 

administration of pharmaceuticals, dietary agents, phytochemicals, micronutrients or 

macronutrients to prevent, inhibit or delay cancer induction and progression [133,150].  

Chemopreventive agents can act through several mechanisms, including (i) inhibition of 

mutation and cancer initiation in cells (inhibition of mutagen uptake and metabolism), (ii) 

inhibition of tumor promotion and progression (inhibition of cellular uptake and 

metabolism of carcinogens, control of gene expression, inhibition of certain key enzymes 

and receptors involved in cancer progression) and (iii) inhibition of invasion and 

metastasis (such as cell proliferation, apoptosis, angiogenesis and cell differentiation)  

[133].  One of the key mechanisms, being evaluated presently to screen the 

chemopreventive potential of new agents is their ability to induce apoptosis, which is 

discussed in detail in the following section.  
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Apoptosis      

 Apoptosis, often referred to as programmed cell death, is an important and tightly 

regulated physiological process that regulates tissue homeostasis in normal cells 

[142,151-153].  This differs distinctly from another type of cell death known as necroses, 

where there is uncontrolled cell death leading to cell lysis and other serious health 

complications [154,155].  Several genes have been known to control the process of 

apoptosis, either through inhibition (such as Bcl-2) or induction (such as c-myc, p53, 

CDKs and certain members of the Bcl-2 family) [136].  The controlled process of 

apoptosis may be impaired in certain conditions which can lead to the development of 

cancer and neurodegenerative disorders [142,149,156].   

There are several distinct biochemical changes that take place in a cell undergoing 

apoptosis, which manifests itself as morphological changes.  Some of these include cell 

shrinkage, membrane blebbing, condensation and fragmentation of chromatin, shrinking 

and fragmentation of the nucleus leading to the formation of apoptotic bodies (as shown 

in Figure 3).  These apoptotic bodies are eventually engulfed by surrounding cells, such 

as macrophages [142,151-162].  For this purpose, the apoptotic cells undergo 

translocation of the phosphatidyl proteins on their surface for easy recognition by the 

macrophages.  During this process amino phospholipids such as phosphotidyl serines 

which are normally present in the inner leaflet of the cell membrane are translocated 

(with the help of scramblase) to the outer leaflet of the cell membrane [154,163-165].  

This phenomenon is used for the early detection of apoptosis using Annexin V, a protein 

that specifically binds to phosphatidyl serine on the cell membrane and can be used as an 

early indicator of apoptosis.     
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FIGURE 3 

Morphological changes occurring during apoptosis 
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Apoptosis is primarily controlled by a family of proteases known as caspases 

(cystein aspartate- specific proteases) [158].  These are present in their inactive forms in 

the normal cell and require proteolytic processing for activation [153,158].  There are 

primarily two pathways of apoptotic cell death, the intrinsic or mitochondrial pathways 

and the extrinsic or death receptor pathway [142,153,167].  The activation of either of 

these pathways results in the cleavage of initiator caspases (such as caspase-9 for intrinsic 

pathway and caspase-8 for extrinsic pathway) leading to activation of effector caspases 

(such as caspases 3, 7, and 9) and finally apoptosis, as shown in Figure 4.      

 The extrinsic pathway is triggered by the activation and conformational changes 

on certain cell surface receptors (death receptors such as TNF and Fas/APO-1/CD-95 

receptors), by the action of signaling molecules such as polypeptides,  which have similar 

death domains and ligand binding activity [142,153,167] .  Once a ligand binds to the 

receptor, it induces trimerization leading to the recruitment of adaptor proteins such as 

Fas activated death domain (FADD).  This can interact with the initiator caspases 

(caspase-8 and -10) to form complexes commonly known as the death-inducing signaling 

complex (DISC).  The initiator caspases can then lead to the proteolytic cleavage of 

effector caspases such as caspase-3.  TRAIL (TNF-related apoptosis-inducing ligand) 

induces cell death only in transformed cells and not in normal cells [142,152-

156,161,167-174].                

The mitochondrial or intrinsic pathway is activated by intracellular signals, such 

as DNA damage and oxidative stress, leading to the release of cytochrome c from the 

mitochondria.  This is mediated by the bcl-2 family of proteins [153].  Bax, a member of 

the Bcl2 family of proteins induces cytochrome c release resulting in loss of  
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FIGURE 4 

PATHWAYS INVOLVED IN APOPTOSIS 
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transmembrane potential and apoptosis.  Bcl-2 and Bcl-XL may inhibit apoptosis either 

by preventing cytochrome c release or its interaction with caspases.  Cytochrome c in 

turn can bind with apoptotic protease activating factor-1 (Apaf-1) which results in the 

formation of apoptosome complex with caspase-9 leading to the activation of the caspase 

cascade.  The activation of either caspase-8 or caspase-9 can lead to the proteolytic 

cleavage of downstream caspases including caspase-3, caspase-6 and caspase-7 [161,175].  

This in turn can lead to the manifestation of other apoptotic specific features such as Parp 

(poly-ADP-ribose polymerase) cleavage and DNA fragmentation [151-161,169-172,175-

177].    

 Reactive oxygen and nitrogen species (ROS/RNS) are also known to be involved 

in the process of apoptosis.  During respiration, there is production of ROS such as 

hydrogen peroxide, hydroxyl radicals and superoxide anions under normal conditions.  In 

cancer cells there is an increased production of ROS.  During these situations, when there 

is an increased level of oxidative stress, the elevated levels of ROS can lead to cell death 

via apoptosis through the release of cytochrome c and activation of caspase-9 

[154,161,178,179].  Elevated levels of ROS such as hydrogen peroxide and nitric oxide, 

has been shown to induce apoptosis.  Also, elevated levels of glutathione, an antioxidant 

that scavenges free radicals in biological systems, has been shown to inhibit the process 

of apoptosis in isolated neutrophils and eosinophils [179].      



 

 

21  

Inflammation  

Inflammation may be defined as the reaction or response of the body to tissue 

injury or damage [180]. Cell or tissue damage may be caused by several agents such as 

heat, chemicals, radiation, microbial infection, trauma as well as certain immunological 

processes.  To counteract the tissue damage, body has two types of defense, the primary 

defense system (immediate such as inflammation) and the secondary defense system 

(controlled by the immunological system) [181].  The white blood cells or leukocytes 

play a very important role in the process of inflammation serving to attack and destroy 

the antigen.  The reticuloendothelial cells such as phagocytes also form part of the 

primary defense system and are located at sites where attack is most likely to occur such 

as liver, spleen and bone marrow [181].       

Inflammation is commonly characterized by four symptoms namely, redness, 

swelling, pain and heat [180,182].  During tissue injury, temporary vasoconstriction of 

blood vessels takes place followed by local vasodilatation and increased capillary 

permeability, which can increase blood flow through the area leading to redness and heat.  

During this process, due to an imbalance in capillary pressure, fluid can accumulate in the 

interstitial space leading to edema.  Simultaneously, leukocytes migrate to the site of 

injury through a process of chemotaxis to attack the antigen. These processes are referred 

to as acute inflammation during which various mediators, ROS and RNS are released to 

help control the inflammatory process [180,183-186].  However if the acute inflammation 

persists over extended periods of time, due to dysregulation of various events, it can lead 

to the development of chronic inflammation.  The basic mediators of inflammation and 

their functions are discussed in the following sections.  
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Cytokines      

The cytokines are important intracellular messengers that play an important role 

in the inflammatory process [187].  They have a short duration of action and perform 

several diverse functions, such as growth regulation, cell division, inflammation and 

immunity, by interacting with specific receptors present in different cells [188,189].   

Cytokines can be of different classes and possess pro- and anti-inflammatory properties.  

The interleukins (IL) are cytokines produced by leukocytes, which are important in the 

inflammatory process.  The important pro-inflammatory cytokines include tumor necrosis 

factor α (TNF α), interleukin –1 (IL-1) and interleukin-6 (IL-6).  TNF α is an essential 

cytokine, an endogenous tumor promoter and a key regulator of other cytokine 

production [190].   

Interleukin-1, a pro-inflammatory cytokine produced by monocytes and 

macrophages, has been shown to induce other cytokine production, enhance 

phospholipase A2 activation and production of prostaglandins [191].  There are two forms 

of IL-1: IL-1α and IL-1β,  with similar physiological functions but different amino acid 

homology.  They both exist in the precursor form and are activated during inflammation 

by proteases to participate in the inflammatory response [191].  Interleukin-6, a 

multifunctional pro-inflammatory cytokine produced by macrophages during 

inflammation stimulates the activation of T and B lymphocytes, induces fever and 

mediates acute systemic immune response [192,193].  In mouse it has been shown that 

PGE2, IL-1 and TNFα can stimulate the production of IL-6 [191,192].           
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Eicosanoids 

 Eicosanoids are the lipid mediators of inflammation which are derived from fatty 

acids such as arachidonic acid (AA). Arachidonic acid is a polyunsaturated fatty acid 

(PUFA) that is mainly found esterified to the phospholipids in the cell membrane.  Upon 

activation cellular phospholipases such as phospholipase A2 (through the phosphorylation 

of mitogen activated protein kinase (MAPK)) act on phospholipids to release free 

arachidonic acid.  This can then either be reincorporated into phospholipids or undergo 

metabolism through several pathways to generate a wide variety of lipid mediators such 

as prostaglandins (by Cox pathway) and leukotrienes (by Lox pathway), which serve as 

important intra- and intercellular messengers [194,195].  

The Cox enzyme has been known to occur in three isoforms namely Cox-1, -2, -3. 

Cox-1 is an ubiquitous enzyme and expressed constitutively in the endothelium, kidneys, 

vascular smooth muscle and the gastrointestinal tract. The Cox-2 enzyme is inducible, as 

it is up-regulated during the process of inflammation by other inflammatory mediators 

[196]. Recently, another isozyme, Cox-3 has been identified in the central nervous 

system [197]. 

 Lipoxygenases (Lox) are a group of iron containing dioxygenases which act by 

incorporating oxygen molecule into PUFAs at different positions to form various 

metabolites [198].  Its activity was first observed in 1975 in rabbit reticulocytes [199].  

They exist in several isoforms (such as 5-, 12- and 15-Lox) giving rise to a myriad of 

products with different functions.  5-Lox is the most important of the lipoxygenases and 

converts AA to 5-hydroperoxyeicosatetraenoic acid (5-HPETE) and 5-hydroxyeicosa-

tetraenoic acid (5-HPTE), which further gives rise to leukotrienes B4 (LTB4).  
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Leukotrienes are known to play important roles in inflammatory diseases such as asthma 

[200].  LTB4 is the most well studied metabolite of the Lox pathway and has been shown 

to be involved in the activation of inflammatory cells and assist in the migration of 

leukocytes to the site of inflammation. 

The Cox and lox pathway of arachidonic acid metabolism, together produce a 

wide range of mediators which perform several critical functions in the body.  These 

include their role in inflammation, blood clotting, maintenance of mucosal lining in 

stomach and as intra cellular messengers [198]. 

In certain cases, the inflammatory process is unable to function effectively and the 

cells of the inflammatory response are unable to remove the inciting stimuli leading to the 

development of chronic inflammation, that is characterized by sustained tissue damage 

leading to cellular hyper-proliferation, accumulation of inflammatory mediators, growth 

factors, ROS and RNS [179,201-204].  These in turn can cause DNA, protein and cell 

membrane damage ultimately leading to the development of diseases such as arthritis, 

ulcerative colitis, inflammatory bowel disease and cancer [159,198,202,205-208].   
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Inflammation and Cancer  

 The link between inflammation and cancer was first proposed in 1863 by Rudolph 

Virchow, who  noted that cancer arises from sites of chronic inflammation [204-207,209-

212].  In recent years, a strong link has been established between chronic inflammation 

and carcinogenesis in epidemiological, in vivo and in vitro studies.  It has been noted that 

the inflammatory mediators, ROS and RNS are involved in the development of 

carcinogenesis by promoting cell growth, differentiation, metastasis and neoplastic 

progression [183,207].   

In recent years it has been established that about 15% of cancers occurring 

worldwide are caused by chronic inflammation.  Some of these include gastric cancer 

from Helicobacter pylori, hepatocellular carcinoma from hepatitis C, colorectal cancer 

from inflammatory bowel disease, lung cancer due to prolonged cigarette smoking, 

esophageal cancer from reflux esophagitis and mesothelioma from exposure to asbestos 

[205-210,213].   

The arachidonic acid metabolites have received tremendous attention for their role 

in carcinogenesis.  A link between the enzymes, metabolites and receptors involved in the 

Cox and Lox pathway has been established to inflammation and a variety of cancers.  

Aberrant arachidonic acid metabolism has been shown to play a major role in the 

development and progression of several cancers [195,204,214-243].  Both the Cox and 

the Lox pathway has been linked to cell proliferation, inhibition of apoptosis and 

promotion of angiogenesis [204].  In addition, several epidemiological, in vitro and in 

vivo studies have been conducted to demonstrate the chemopreventive activity of several 

Cox-2 and 5-Lox inhibitors on several models of cancer [196,198,204,227,239-254].     
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Peptide mediators of inflammation such as the cytokines and chemokines have 

also been shown to play an important role in the progression of cancer and have been 

shown to be expressed in several cancers such as breast, prostate, ovarian and bladder 

[210].  They can lead to tumor promotion either by stimulating cell growth and 

differentiation or by inhibiting apoptosis [202,255,256].  Cytokines such as tumor 

necrosis factor, IL-6 and IL-8 have been shown to promote tumor growth by activating 

transcription factors such as ras and NF-kB through tumor inflammation and 

vasculogenesis, causing DNA damage due to production of ROS/RNS, releasing growth 

factors to promote tumor growth, controlling tumor cell migration and leukocyte 

infiltration among many others [179,210,257-264].    

The ROS/RNS that are released during inflammation (such as hydrogen peroxide, 

nitric oxide and superoxide anion) have also been shown to play a major role in the 

process of carcinogenesis.  These free radicals have been shown to damage proteins, 

DNA, RNA and lipids leading to mutations in several key genes involved in 

carcinogenesis [159,179,208,265,266].  They have been shown to be involved in cell 

growth and tumor promotion by activating certain signal transduction pathways such as 

c-MYC, c-FOS, NF-κB and mitogen activated protein kinases (MAPK) [159,208].   

On the other hand, certain free radicals such as hydrogen peroxide and superoxide 

anion are known to induce apoptosis through the activation of certain signal transduction 

pathways as mentioned earlier [179,183,184,267-269].  It has been hypothesized that 

ROS such as hydroxyl radical and nitric oxide can induce pores in the mitochondria 

leading to cytochrome c release and eventually apoptosis [179].  Nitric oxide has been 

shown to produce conflicting effects on apoptosis.  In certain cells it has been shown to 
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inhibit apoptosis while in others it has been shown to induce the same (such as cancer, 

epithelial and endothelial cells).  This inhibitory effect has been attributed to the capacity 

of nitrate to nitrosylate caspases and possibly inactivate them or to increase intracellular 

glutathione levels [179].      
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HYPOTHESIS 

 

 Phytochemicals are being evaluated for their chemopreventive activity in several 

in vivo and in vitro studies. Due to their safety and abundance in nature they provide a 

suitable alternative to commercially available drugs. The chemopreventive potential of 

phytochemicals has been extensively studied over the past several years [270-272].   

 Ginger has been used as a spice and in traditional medicine for several ages 

[8,273,274].  The chemopreventive activity of ginger has been evaluated over the past 

few years with promising results.  Various in vivo studies have shown ginger to inhibit 

the size and number of tumors in several models.  However, studies on the mechanism of 

action of ginger extract and its constituents are scarce.  Only recently, studies have been 

conduced using primarily 6-gingerol in an attempt to evaluate the mechanisms of action.  

In this study we wanted to evaluate the anti-inflammatory and chemopreventive activities 

of gingerols and shogaols isolated from ginger.   

The anti-inflammatory activity of gingerols and shogaols were evaluated using the 

12-O-tetradecanoylphorbol-13-acetate-induced mouse ear inflammatory model.  This 

model, developed in 1965, has been used extensively to screen the anti-inflammatory 

potential of several compounds [275-280].  During the early stages of development of 

this model, a 1% croton oil solution was applied to induce an inflammatory response in 

rats [275].  Presently, the active component of croton oil, 12-O-tetradecanoylphorbol-13-

acetate (TPA) is being used for the same purpose.  TPA has been shown to be a strong 

tumor promoter and induce hyperplasia, inflammation, over expression of 

cyclooxygenase and cytokines when applied to the mouse skin [264,279-282].  In the 
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present study we have used this model to evaluate the anti-inflammatory activity of 

gingerols and shogaols isolated from ginger.  The effect of these compounds on TPA-

induced ear edema and expression of cytokines was evaluated using the enzyme linked 

immunosorbant assay (ELISA).  

The primary goal of this study was to study the chemopreventive activity of 

gingerols and shogaol on prostate cancer cells.  Prostate cancer is the third most common 

cancer in men predominantly affecting older men in developed countries. In 2007, about 

218,890 new cases and around 27,050 deaths are expected [283].  In the United States, it 

is the second leading cause of mortality in males [284,285].  Risk factors include high 

caloric intake, reduced physical activity and age.  Micronutrients such as vitamins A, E 

and D, selenium, calcium, lycopene and phytoestrogens such as genistein, isoflavanoids 

and lignans have been shown to exert a protective effect in prostate cancer [286].  The 

treatment options available for this disease include androgen ablation therapy, 

prostatectomy and irradiation.  These options are all localized to the prostate gland [287].  

However, the mortality of prostate cancer results mainly due to metastasis (primarily to 

the bone and lymph nodes) and conversion from androgen dependent to independent 

form [287].  

Under normal conditions prostate epithelial cells are dependent on androgens for 

their growth and survival and require binding of these androgens to the androgen receptor 

(AR).  In the absence of androgens, these cells are unable to survive and undergo 

apoptosis [162,284,288,289].  However due to changes occurring during the process of 

carcinogenesis, prostate cancer cells can become androgen independent and thus gain 

resistance to chemopreventive drugs.  Several mechanisms have been proposed through 
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which epithelial prostate cancer cells can survive in the absence of androgen.  Some of 

these include increased sensitivity of the AR, increased production of androgens, 

mutations in the AR (multiple ligand binding sites on receptor, androgen substitution), 

activation of AR through other hormones and growth factors, activation of other 

pathways to completely bypass the AR pathway and alterations in the cell death 

regulatory mechanisms [162,284,288].   

Several cell lines have been developed to study the mechanisms of prostate 

carcinogenesis such as LNCaP, PC-3 and DU-145.  LNCaP cells (which are androgen-

dependent in nature) were originally derived from the lymph node metastasis of a 55 year 

old man with prostate cancer in 1977 [290].  The PC-3 cells (androgen-independent) were 

derived from the bone metastasis of a 62 year old man with grade IV prostate cancer 

[291].  Both these cell lines have been used extensively to study the mechanisms of 

prostate carcinogenesis as well as to evaluate the chemopreventive activity of several 

compounds on prostate cancer [292-301].  In the present study, we wanted to determine 

the chemopreventive activity of gingerols and shogaols on prostate cancer cells, with 

particularly emphasis on apoptotic pathways.  Hence we proposed the following 

hypothesis: 

 

“Gingerols and shogaols exhibit their chemopreventive activity through induction of the 

intrinsic pathway of apoptosis.”   

 

In order to evaluate our hypothesis, we developed specific aims as outlined 

below:  
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1. To evaluate the effect of gingerols and shogaols on cell viability of LNCaP 

and PC-3 cells, using the MTT assay [3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide].   

2. To determine the effect of the test compounds on the induction of apoptosis.  

3. To evaluate the effect of gingerols and shogaols on different phases of the cell 

cycle 

4. To determine the molecular mechanisms of apoptosis induction using Western 

blot analysis.   
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MATERIALS AND METHODS 

 

I. Isolation of gingerols and shogaols from ginger 

  

Plant material, chemicals and reagents   

Soft ginger extract in methanol was a gift from Sabinsa Corporation (Piscataway, 

NJ).  Silica gel was purchased from Sorbent Technologies, Inc. (Atlanta, GA).  Sephadex 

and Diaon HP-20 were purchased from Sigma Chemical Company (St. Louis, MO).  All 

other reagents were purchased from Fisher Scientific (Pittsburgh, PA).  

 

Isolation of gingerols and shogaols from ginger using column chromatography     

 Crude ginger extract was subjected to solvent extraction based on the method of 

Kiuchi et al. [69] prior to column chromatography.  In short, the methanolic extract of 

ginger (50 g) was dissolved in ethyl acetate and partitioned with water.  The ethyl acetate 

portion was collected, evaporated and the residue dissolved in methanol.  This was 

further partitioned with hexane and the methanolic portion evaporated and used for the 

isolation of gingerols and shogaols.   

 The methanolic extract obtained by the above solvent extraction step was loaded 

onto a Sephadex column and eluted with 95% ethanol to yield gingerols, shogaols and 

related compounds.  These extracts were analyzed by thin layer chromatography (using a 

2:1 hexane: ethyl acetate solvent system) and similar fractions were combined.  The 

extracts were then subjected to Diaon HP-20 column chromatography and eluted with 

30%-70% ethanol.  Similar fractions were combined to give rise to gingerol mixture and 
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shogaol mixture.  The gingerol mixture was combined, evaporated to dryness under 

vacuum and the residue subjected to normal phase column chromatography using hexane: 

ethyl acetate as the solvent system to isolate 6-gingerol and 8-gingerol.  For isolation of 

6-shogaol, the shogaol mixture was subjected to reverse phase C18 column 

chromatography,  and eluted with methanol-water solvent system.   

 The purity and identity of the isolated compounds were confirmed using high 

performance liquid chromatography (HPLC) and nuclear magnetic resonance (NMR).   

 

Instrumentation 

To analyze the purity of isolated compounds using HPLC a modified method of 

He et al. was employed [302].  A Varian Vista HPLC instrument with C-18 column 

(25cm x 46mm x 5 mm), obtained from Supelco (Belefonte, PA) attached to a variable 

UV detector was used for the analysis.  A gradient elution program was followed as 

shown in Table 1.  The purity of isolated compounds using NMR was conducted with the 

help of Dr. Shengmin Sang.  1H (300 and 400 Hz) and 13C NMR (100 Hz) were 

conducted using a Varian NMR spectrometer using deuterated chloroform (CDCl3) as the 

solvent.  
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Table 1 

HPLC program for the identification of gingerols and shogaols isolated from ginger  

HPLC Instrument: Varian Vista 5500 LC 

Column: Supelco Reversed Phase C-18 column (25cm X 46mm X 5 mm) 

Injection volume: 20 µl 

Flow rate: 1 mL/min 

Detector: Spectroflow 783 variable wavelength detector at 280 nm 

HPLC program: 

 

Time  

(min) 

Water 

(%) 

Acetonitrile 

(%) 

0 55 45 

8 50 50 

17 35 65 

32 0 100 

38 0 100 

40 55 45 
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II. Evaluation of anti-inflammatory activities of gingerols and shogaols using the 12-

O-tetradecanoylphorbol-13-acetate (TPA)-induced mouse ear inflammatory model 

 

Animals and Chemicals 

Female CD-1 mice (3-4 weeks old; Charles River breeding laboratories, Kingston, 

NY) were
 housed six per cage in a room with controlled temperature and humidity with 

12 hour light: dark cycles. All animals were given Purina Laboratory Chow 5001 diet 

(Ralston-Purina, St. Louis, MO) and water ad libitum.  Interleukin-1β (IL-1β) and 

interleukin-6 (IL-6) ELISA kits were purchased from R&D systems Inc. (Minneapolis, 

MN).  All other chemicals were purchased from Sigma Chemicals (St. Louis, MO). 

 

Effect of gingerols and shogaols on TPA-induced ear inflammation 

 Both ears of female CD-1 mice were treated topically with 10 µL acetone 

(negative control) or test compound in acetone 20 minutes prior to the application of 

acetone (negative control) or 1.5 nmol TPA (positive control and treatment groups) in 

acetone. The mice were sacrificed 6 hours after the last dose of TPA.  Ear punches (6 mm 

in diameter) from each group were weighed, pooled together and homogenized in 

phosphate buffered saline (PBS) containing 0.4 M sodium chloride, 0.05% Tween-20, 

0.5% bovine serum albumin (BSA), 0.1 mM phenylmethylsulfonyl fluoride, 0.1 mM 

benzethonium, 10 mM ethylene diamine tetraacetic acid, and 20 U aprotinin per mL. The 

homogenates were centrifuged at 12000 x g for 60 min at 4°C and the supernatant was 

used for the determination of cytokine levels using a two-site sandwich ELISA.  
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Quantification of IL-1β and IL-6 using ELISA in mouse ears 

 The cytokine levels were measured using the ELISA kit according to 

manufacturer’s protocol. In brief, the 96-well microplate was coated with 100 µl of 

capture antibody (IL-1β or IL-6) and incubated overnight at room temperature.  The wells 

were washed with buffer (0.05% tween 20 in PBS) five times, blocked with 300 µL of 

blocking buffer (1% BSA, 5% sucrose and 0.05% sodium azide in PBS) and incubated at 

room temperature for 1 hour.  The wells were washed and 100 µL samples or standards 

were added.  The plate was incubated at room temperature for 2 hours, washed and 

treated with 100 µl of biotinylated goat anti-mouse secondary antibody before incubation 

at room temperature for 2 hours.  The plate was washed, treated with streptavidin-

horseradish peroxidase and incubated at room temperature in the dark for 20 minutes.  

The plate was washed again and treated with 100 µl substrate solution for color 

development for 20 minutes at room temperature.  To this 2N sulfuric acid was added to 

stop the reaction and the optical density was measured at 450 nm using a microplate 

reader.   
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III.  Evaluation of chemopreventive activities of gingerols and shogaols on prostate 

cancer cell lines (LNCaP and PC-3) 

 

Chemicals  

The test compounds (gingerol mixture, shogaol mixture, 6-gingerol, 8-gingerol 

and 6-shogaol) were isolated in the laboratory as described previously. RPMI 1640 (cell 

culture media), fetal bovine serum, trypsin and 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) were purchased from Sigma Chemical Company (St. 

Louis, MO).  Penicillin-streptomycin cocktail was purchased from GIBCO BRL (Grand 

Island, NY).  Methanol, acetone and dimethyl sulfoxide (DMSO) were purchased from 

Fisher Scientific (Pittsburgh, PA).  BCA protein assay kit was purchased from Pierce 

(Rockford IL).  Sample buffer, polyacrylamide, nitrocellulose membrane and filter paper 

were purchased from Biorad Laboratories (Hercules, CA).  Apoptosis detection kit for 

AnnexinV-FITC was purchased from R&D Systems (Minnepolis, MN).  All other 

chemicals were purchased from Sigma Chemical Company (St. Louis, MO).  

 

Cell lines         

 Prostate cancer (LNCaP and PC-3) cell lines were obtained as a gift from Dr. 

Alan Conney’s lab in the Laboratory for Cancer Research, Rutgers University.  The cells 

were maintained in RPMI 1640 medium supplemented with 10% fetal bovine serum, 100 

units/mL penicillin and 0.1 mg/mL streptomycin in a 5% carbon dioxide atmosphere at 

37 °C and 95% relative humidity.  The cells were sub cultured every 48 hours.   
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Assessment of cell viability  

 The effect of gingerols and shogaols on viability of prostate cancer cells was 

determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay as described previously [247,303,304].  LNCaP and PC-3 cells were plated 

at a density of 1x 10
4
 cells/well in 96 well plates and incubated at 37 °C in a 5% carbon 

dioxide atmosphere for 24 hours to allow the cells to attach.  The cells were then treated 

with different concentrations of the test compound and incubated for 24, 48 and 72 hours.  

At the end of the treatment, the cells were treated with 0.5 mg/mL MTT solution and 

incubated for 4-5 hours. The resulting formazan product was solubilized in DMSO and 

the absorbance was measured at 570 nm.   

 

Effect of gingerols and shogaols on prostate cancer cell morphology 

 LNCaP and PC-3 cells were seeded at a density of 5x10
4
 cells/mL in 12 well 

tissue culture plates and incubated for 24 hours.  The cells were then treated with 

different concentrations of the test compounds and incubated for an additional 48 hours.  

The cells were viewed under an inverted microscope at 10x to observe the morphology. 

  

Assessment of apoptotic cell morphology 

 The effect of gingerols and shogaols on apoptosis in prostate cancer cells was 

evaluated after staining with propidium iodide (PI) using fluorescence microscopy as 

described previously [305].  Briefly, LNCaP and PC-3  cells were seeded at a density of 2 

x 10
4
 cells/mL in 6-well tissue culture plates and incubated at 37 °C for 24 hours.  The 

cells were then treated with the test compounds and incubated for an additional 48 hours.  
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At the end of the treatment, the supernatant was removed from each well and the cells 

were fixed with a 1:1 mixture of acetone: methanol (1 mL/well) for 10 minutes.  The 

cells were then incubated with 1 mL of propidium iodide (1 µg/mL) in PBS for 10 

minutes at room temperature in the dark and viewed under a fluorescent microscope 

(Nikon Eclipse TE200).  Photographs were taken using Image-pro plus software (Media 

Cybernetics, Silver Springs, MD).  Apoptotic cells were characterized by condensed and 

fragmented nuclei.   

 

Cell cycle analysis  

 The effect of gingerols and shogaols on different phases of the cell cycle was 

evaluated using flow cytometry as described previously [305-307].  LNCaP and PC-3 

cells were plated at a density of 2 x 10
5
 cells in 100 mm

2
 Petri dishes and incubated for 

24 hours at 37 °C and 5% CO2 atmosphere. The cells were then treated with the test 

compounds and incubated for an additional 48 hours. At the end of the treatment, the 

cells were harvested, washed with PBS twice, treated with 2 mL of ice cold ethanol and 

placed on ice for 30 minutes.  The cells were then washed again with PBS to remove any 

traces of ethanol, treated with 0.1 µg/mL RNAse A and 10 µg/mL propidium iodide 

solution and incubated for 30 minutes in the dark.  The cells were analyzed using a
 

Coulter Epics-Profile II flow cytometer and the proportion of cells in each phase of the
 

cell cycle was calculated using cytologic software from Coulter
 
Corp.
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Annexin V-FITC and Propidium iodide (PI) co-staining for assessment of apoptosis 

Effect of gingerols and shogaols on apoptosis in prostate cancer cells was 

evaluated using Annexin V reagent as described previously [308-310].  LNCaP and PC-3 

cells were plated at a concentration of 2 x 10
5
 cells/well in 6 well tissue culture plates and 

incubated for 24 hours at 37 °C and 5% CO2 atmosphere. The cells were then treated with 

the respective compounds and incubated for an additional 48 hours. At the end of the 

treatment, the cells were harvested, washed with PBS twice and incubated with Annexin 

V-FITC (0.25 µg/mL) and PI (5 µg/mL) for 15 minutes at room temperature.  The cells 

were then analyzed using a Coulter Epics-Profile II flow cytometer and the proportion of 

cells stained with Annexin V, PI or both were calculated using cytologic software from 

Coulter
 
Corp.

 
    

 

Western Blot analysis 

 LNCaP and PC-3 cells were plated at a density of 5 x 10
5
 cells/dish in 100 mm

2 

tissue culture dishes and incubated for 24 hours at 37 °C and 5% CO2 atmosphere. The 

cells were then treated with the respective compounds and incubated for different time 

periods.  At the end of the treatment the cells were harvested using RIPA lysis buffer 

(containing 1% protease and phosphatase inhibitor cocktails) and placed on ice for 30 

minutes.  The samples were then centrifuged at 12,000 x g for
 
15 minutes at 4°C and the 

protein concentration was determined using the Bio-Rad protein assay kit.  The samples 

were stored at -80° C until further analysis.   

Prior to performing polyacrylamide gel electrophoresis (PAGE), samples 

containing equal amounts of protein (20-40 µg) were boiled with sample buffer for 10 
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minutes at 95-100° C, centrifuged at 12,000 x g for 5 minutes and placed on ice. These 

samples were then electrophoresed using a freshly prepared 8-14% polyacrylamide gel 

under constant voltage (70-120 V).  The proteins were transferred from the gel onto a 

nitrocellulose membrane for 2 hours at 100 Volts.  The membrane was blocked using 

blocking buffer (Licor Biosciences, NE) overnight at 4 °C and incubated with primary 

antibodies for 12-18 hours at 4 °C.  The membrane was then washed in PBS containing 

0.1% tween-20 four times and incubated with infrared fluorescent-labeled secondary 

antibody (Licor Biosciences, NE) for 1 hour at room temperature.  The membrane was 

washed again and the immunoblots were processed and visualized using the Odyssey 

infra red imaging system (Licor Biociences, NE) [311]. 

 

Determination of ROS 

 Measurement of intracellular ROS was performed as described previously 

[92,312-315].  PC-3 and LNCaP cells were plated on 100 mm
2
 Petri dishes and incubated 

overnight at 37 °C and 5% CO2 atmosphere.  The cells (3 x 10
6
 cells/mL) were treated 

with 5 µM 2’,7’-dichlorofluorescein diacetate for 15 minutes in a shaking water bath.  

The cells were then treated with the respective test compounds and incubated for an 

additional hour.  The fluorescence of the cells was then measured using a Coulter Epics-

Profile II flow cytometer. Data analysis was performed using cytologic software from 

Coulter
 
Corp.

 
    

 

Statistical analysis 

 Statistical analysis was performed using Student’s t test 
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RESULTS 

 

I. Isolation of gingerols and shogaols from ginger 

 

 Ginger extract was subjected to solvent extraction and column chromatography as 

described previously to obtain the test compounds.  On subjecting the crude ginger 

extract to Sephadex and Diaon HP-20 column chromatography, gingerol mixture and 

shogaol mixture was obtained.  These mixtures were characterized using HPLC 

(according to the conditions described in Table 1) and the representative chromatograms 

are shown in Figures 5 and 12 respectively.  The chromatogram of gingerol mixture 

showed the presence of four distinct peaks at retention times of 8.4, 15.9, 17.7 and 23 

minutes.  The first three peaks were identified as 6-gingerol, 8-gingerol and 10-gingerol 

respectively. The main constituent of gingerol mixture was 6-gingerol which made up 

almost 60% of its composition. The gingerol mixture was further subjected to normal 

phase column chromatography to obtain 6-gingerol and 8-gingerol.  The purity of these 

compounds was verified using HPLC and NMR and the results are shown in Figures 6-11.  

6-gingerol was obtained as a yellow oily liquid with a molecular weight of 294.39. 

The HPLC chromatogram (Figure 6) showed the presence of only one peak at 8 minutes 

which was identified as 6-gingerol using NMR spectroscopy.   

The 
1
H NMR of 6-gingerol (CDCl3, 300 Hz, Figure 7). δ: 0.88 (3H, s, H-21), 

1.257-1.280 (2H, d, J = 69 Hz, H-18 and H-19), 2.728-2.750 (2H, d, J = 6.6 Hz, H-14), 

2.806- 2.830 (2H, d, J = 7.2 Hz, H-11), 3.854-3.864 (3H, d, J = 3 Hz, H-8), 5.534 (1H, s, 

9-H and 16-H), 6.670 (1H, s, H-4), 6.806 (1H, s, H-6).  
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FIGURE 5 

HPLC chromatogram of gingerol mixture 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ginger extract was subjected to solvent extraction using methanol, ethyl acetate and 

hexane.  The methanolic portion was then evaporated and subjected to sephadex column 

chromatography.  The resulting fractions were combined, subjected to diaon HP-20 

column chromatography and eluted with 30-70% ethanol.  Similar fractions were 

combined to obtain gingerol mixture which was subjected to HPLC analysis, according to 

the method shown in Table 1. 

 

 

Peak No. Retention Time Compound Composition (%) 

1. 8.4 6-gingerol 58.72 

2 15.9 8-gingerol 12.45 

3 17.7 10-gingerol 14.32 

4 23.0 Unknown 9.13 

Time (in minutes) 

0 40 
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FIGURE 6 

HPLC chromatogram of 6-gingerol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ginger extract was subjected to solvent extraction using methanol, ethyl acetate and 

hexane.  The methanolic portion was then evaporated and subjected to sephadex column 

chromatography.  The resulting fractions were combined, subjected to diaon HP-20 

column chromatography and eluted with 30-70% ethanol.  Similar fractions were 

combined.  The gingerol mixture so obtained was subjected to normal phase column 

chromatography to obtain 6-gingerol.  The purity of 6-gingerol was then confirmed using 

HPLC according to the method shown in Table 1. 
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13
C NMR of 6-gingerol (CDCl3, 100 Hz, Figure 8). δ: 211.46 (s, C-12), 146.68 (s, 

C-1), 144.25 (s, C-2), 132.86 (s, C-5), 120.98 (s, C-4), 114.62 (s, C-3), 111.28 (s, C-6), 

77.21 (t, C-15), 67.92 (s, C-14), 56.13 (d, C-110, 49.63 (s, C-8), 45.66 (s, C-17), 31.95 (s, 

C-10), 29.55 (s, C-18), 25.34 (s, C-19), 22.78 (s, C-20), 14.19 (s, C-21). 

 

8-gingerol was obtained as a yellow oily liquid with a molecular weight of 322.44.  

The HPLC chromatogram (Figure 9) showed a major peak at around 14 minutes which 

was identified as 8-gingerol using NMR spectroscopy.   

The 
1
H NMR of 8-gingerol (CDCl3, 400 Hz, Figure 10). δ: 0.88-0.91 (3H, t, J = 

7.2 and 6.4 Hz, H-23), 1.29-1.57 (2H, m, H-18, H-19 and H-20), 2.47-2.62 (2H, m, H-14), 

2.73-2.77 (2H, t, J = 7.6 and 6.8 Hz, H-11), 2.84-2.87 (2H, t, J = 6 and 7.2, H-10), 3.89 

(3H, s, H-8), 4.04-4.07 (1H, d, J = 9.2, H-15), 5.58 (1H, s, H-9 and H-16), 6.67-6.70 (1H, 

t, J = 8 and 3.2 Hz, H-4), 6.83-6.85 (1H, d, J = 7.6 and H-6), 7.29 (1H, t, H-3). 

13
C NMR of 8-gingerol (CDCl3, 100 Hz, Figure 11). δ: 211.31 (s, C-13), 146.18 

(s, C-2), 143.69 (s, C-3), 132.39 (s, C-6), 120.46 (s, C-5), 114.13 (s, C-4), 110.71 (s, C-1), 

76.80 (t, C-16), 67.41 (s, C-14), 55.62 (s, C-11), 49.08 (s, C-8), 45.18 (s, C-17), 36.19 (s, 

C-10), 31.56 (s, C-18), 29.13 (t, C-19 and C-20), 25.22 (s, C-21), 22.41 (s, C-22), 13.87 

(s, C-23) 

The HPLC chromatogram of shogaol mixture is shown in Figure 12.  The 

chromatogram shows the presence of multiple peaks and the peak with a retention time of 

16.33 minutes was identified as 6-shogaol.  This was the major peak of shogaol mixture 

making up almost 45% of its composition.  This was further subjected to reverse phase  
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FIGURE 9 

HPLC chromatogram of 8-gingerol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ginger extract was subjected to solvent extraction using methanol, ethyl acetate and 

hexane.  The methanolic portion was then evaporated and subjected to sephadex column 

chromatography.  The resulting fractions were combined, subjected to diaon HP-20 

column chromatography and eluted with 30-70% ethanol.  Similar fractions were 

combined.  The gingerol mixture so obtained was subjected to normal phase column 

chromatography to obtain 8-gingerol.  The purity of 8-gingerol was then confirmed using 

HPLC according to the method shown in Table 1. 
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Figure 12 

HPLC chromatogram of shogaol mixture 

 

 

 

 

 

 

 

 

 

 

Peak No. 
Retention Time  

(min) 
Compound Composition (%) 

1 16.33 6-shogaol 44.92 

2 22.30 Unknown 4.22 

3 23.82 8-shogaol 8.47 

4 28.47 Unknown 7.03 

5 29.62 Unknown 13.50 

6 35.62 10-shogaol 21.86 

 

Ginger extract was subjected to solvent extraction using methanol, ethyl acetate and 

hexane.  The methanolic portion was then evaporated and subjected to sephadex column 

chromatography.  The resulting fractions were combined, subjected to diaon HP-20 

column chromatography and eluted with 30-70% ethanol.  Similar fractions were 

combined to obtain shogaol mixture which subjected to HPLC analysis according to the 

method shown in Table1. 

Time (in minutes) 
0 40 
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column chromatography to obtain 6-shogaol.  The purity was verified using HPLC and 

NMR as shown in Figures 13-15.   

6-shogaol was obtained as a bright yellow oily liquid with a molecular weight of 

276.37.  The HPLC chromatogram (Figure 13) shows the presence of only one peak at a 

retention time of about 18 minutes which was identified as 6-shogaol using NMR 

spectroscopy.  

The 
1
H NMR of 6-shogaol (CDCl3, 400 Hz, Figure 14). δ: 0.86-0.90 (3H, dd, J = 

7.2 and 5.2, H-21), 1.26-1.31 (2H, m, H-18), 1.31-1.45 (2H, dd, J = 7.2 and 7.6 Hz, H-

19), 2.17-2.18 (2H, d, J = 6.8 Hz, H-10 and H-11), 2.83-2.84 (H, t, J = 1.6 and 4 Hz, H-

14 and H-15), 3.81-3.83 (3H, t, J = 2 and 2.8 Hz, H-8), 6.06-6.11 (1H, m, H-9), 6.65-6.70 

(1H, dd, J = 8 and 2, H-4 and H-6), 6.80-6.84 (1H, m, H-3). 

13
C NMR of 6-shogaol (CDCl3, 100 Hz, Figure 15). δ: 199.83 (s, C-13), 146.32 (s, 

C-2), 143.72 (s, C-3), 132.84 (s, C-6), 120.48 (s, C-5), 114.23 (s, C-4), 111.00 (s, C-1), 

147.83 (s, C-14), 130.0 (s, C-15), 55.55 (s, C-11), 41.63 (s, C-8), 32.19 (s, C-10), 31.07 (s, 

C-16), 29.61 (s, C-17), 27.48 (s, C-18), 22.16 (s, C-19), 13.70 (s, C-20).  
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FIGURE 13 

HPLC chromatogram of 6-shogaol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ginger extract was subjected to solvent extraction using methanol, ethyl acetate and 

hexane.  The methanolic portion was then evaporated, subjected to sephadex column 

chromatography.  The resulting fractions were combined and subjected to diaon HP-20 

column chromatography and eluted with 30-70% ethanol.  Similar fractions were 

combined.  The shogaol mixture so obtained was subjected to reverse phase column 

chromatography to obtain 6-shogaol.  The purity of 6-shogaol was then confirmed using 

HPLC according to the method shown in Table 1. 
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II. Evaluation of anti-inflammatory activities of gingerols and shogaols using the 12-

O-tetradecanoylphorbol-13-acetate (TPA)-induced mouse ear inflammatory model 

 

Effect of 6-gingerol on TPA-induced ear inflammation in mice 

 

In this preliminary study, we wanted to study the anti-inflammatory effects of 6-

gingerol on TPA-induced ear inflammation.  The effect of 6-gingerol (up to a dose of 1 

µMol) on TPA-induced ear edema and over expressions of interleukins was evaluated as 

described previously.  6-gingerol decreased ear edema induced by TPA in a dose 

dependent manner significantly as shown in Table 2.  However only the highest dose of 

6-gingerol (1µmol) was able to inhibit the levels of the cytokines as shown in Table 2. 

Hence in our second experiment we have used higher concentrations of 6-gingerol and 6-

shogaol to evaluate their anti-inflammatory activities using the same model.  
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TABLE 2 

Effect of 6-gingerol on TPA-induced ear inflammation in CD-1 mice 

 

 

Treatment 
Weight of ear 

punch (mg) 

IL-1β concentration 

(pg/mg tissue) 

IL-6 concentration 

(pg/mg tissue) 

1. Acetone 7.32 + 0.35 2.24 + 0.07 0.87 + 0.01 

2. TPA (1.5 nmol) 16.72 + 0.56 22.78 + 1.46 1.99 + 0.44 

3. 6-gingerol (0.25 µmol) 

+ TPA (1.5 nmol) 

14.86 + 0.99
* 

(20%) 

24.50 + 0.71 3.25 + 0.30 

4. 6-gingerol (0.5 µmol) + 

TPA (1.5 nmol) 

13.82 + 1.38
* 

(31%) 

21.58 + 1.65 2.91 + 0.53 

5. 6-gingerol (1 µmol) + 

TPA (1.5 nmol) 

13.59 + 1.40
* 

(33%) 

18.42 + 0.34
*
 

(16%) 

1.7 + 0.12
* 

(26%) 

 

 

 

Female CD-1 mice (7 weeks old, 5 mice/group) were treated topically with acetone or 

test compound in acetone 20 minutes prior to application of acetone or TPA (1.5 nmol) in 

acetone.  The mice were sacrificed 6 hours after TPA treatment and ears punched.  The 

ear punches were then weighed, grouped and homogenized in PBS.  The homogenate was 

used for the quantification of IL-1β and IL-6.  The data are expressed as the mean + 

standard deviation from three separate values.  Values with asterix (*) are significantly 

different (p<0.05) from the positive control (TPA) group, as determined by the Student t 

test. Values in parenthesis indicate the percentage inhibition compared to the positive 

control group.  
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Effect of 6-gingerol and 6-shogaol on TPA-induced ear inflammation in mice 

 

  In this study, the effect of 6-gingerol and 6-shogaol (at 25 and 50 µmol) on 

TPA-induced ear edema and over expressions of interleukins was evaluated.  Briefly, 

both ears of female CD-1 mice were treated with acetone or test compounds prior to 

application of TPA.  At the end of treatment the mice were sacrificed and ear punches 

weighed.  Ear punches from each group was then combined and homogenized in PBS.  

This homogenate was used for the determination of IL-1β and 6 using ELISA.  As shown 

previously, TPA induced edema as well as over expression of IL-1β and IL-6 in mouse 

ears.  6-gingerol and 6-shogaol were able to edema as well as levels of the inflammatory 

mediators significantly in a dose dependent manner as shown in Table 3.  6-shogaol was 

more effective than 6-gingerol in inhibiting all the markers of inflammation at the lower 

dose of 25 µMol.  
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TABLE 3 

Effect of 6-gingerol and 6-shogaol on TPA-induced ear inflammation in CD-1 mice 

 

 

Treatment 

Weight of Ear Punch 

(mg) 

IL-1β 

concentration 

IL-6 

concentration 

1. Acetone 6.89 + 0.001 0.51 + 0.09 1.90 + 0.32 

2. TPA (1.5 nmol) 14.53 + 0.003 3.55 + 0.06 4.85 + 0.10 

3. 6-gingerol (25 µmol) 

    +  TPA (1.5 nmol) 
9.31 + 0.002* 

(68%) 

2.24 + 0.25* 

(43%) 

3.64 + 0.16* 

(41%) 

4. 6-gingerol (50 µmol) 

    +  TPA (1.5 nmol) 
7.08 + 0.001* 

(97%) 

0.64 + 0.06* 

(96%) 

2.01 + 0.26* 

(96%) 

5. 6-shogaol (25 µmol) 

    +  TPA (1.5 nmol) 
7.85 + 0.001* 

(87%) 

1.01 + 0.09* 

(83%) 

2.39 + 0.28* 

(83%) 

6. 6-shogaol (50 µmol) 

    +  TPA (1.5 nmol) 

6.83 + 0.001* 

(100%) 

0.75 + 0.17* 

(92%) 

2.03 + 0.28* 

(96%) 

 

 

 

 

Female CD-1 mice (7 weeks old, 5 mice/group) were treated topically with acetone or 

test compound in acetone 20 minutes prior to application of acetone or TPA (1.5 nmol) in 

acetone.  The mice were sacrificed 6 hours after TPA treatment and ears punched.  The 

ear punches were then weighed, grouped and homogenized in PBS.  The homogenate was 

used for the quantification of IL-1β and IL-6.  The data are expressed as the mean + 

standard deviation from three separate values.  Values with asterix (*) are significantly 

different (p<0.01) from the positive control (TPA) group, as determined by the Student t 

test.  Values in parenthesis indicate percentage inhibition compared to the positive 

control group.  
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III. Evaluation of chemopreventive activities of gingerols and shogaols on prostate 

cancer cells (LNCaP and PC-3) 

 

Effect of gingerol mixture, 6-gingerol, 8-gingerol, shogaol mixture and 6-shogaol on 

viability of LNCaP and PC-3 cells measured using MTT assay 

 

Effect of the test compounds on cell viability was evaluated using the MTT assay 

as described previously.  MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide) is a yellow colored tetrazol product that is reduced to the purple colored 

formazan product as shown below in the mitochondria of viable cells using the NADH 

enzyme system.  

 

 

  

 

 

 

This assay is commonly used to assess cell proliferation and cytotoxicity of 

potential chemopreventive compounds.  Gingerols and shogaols inhibited the growth of 

LNCaP and PC-3 cells in a dose and time dependent manner, as shown in Figures 16-25.  

Among, the test compounds, 6-shogaol and 8-gingerol were the most potent in inhibiting 

cell viability.   
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FIGURE 16 

Effect of gingerol mixture on viability of LNCaP cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were plated at a density of 1x 10
4
 cells/well in 96 well plates and incubated 

at 37 °C, 5% carbon dioxide and 95% humidity atmosphere for 24 hours.  The cells were 

then treated with different concentrations of gingerol mixture and incubated for 24, 48 

and 72 hours.  At the end of the treatment, the cells were treated with [3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and incubated for 4-5 

hours.  The formazan product was solubilized with DMSO and the absorbance measured 

at 570 nm.  The data is expressed as the mean + standard error of cell viability from six 

separate determinations.  Values with asterix (*) are significantly different from the 

control group as measured using the Students t test.  
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FIGURE 17 

Effect of 6-gingerol on viability of LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were plated at a density of 1x 10
4
 cells/well in 96 well plates and incubated 

at 37 °C, 5% carbon dioxide and 95% humidity atmosphere for 24 hours.  The cells were 

then treated with different concentrations of 6-gingerol and incubated for 24, 48 and 72 

hours.  At the end of the treatment, the cells were treated with [3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) and incubated for 4-5 hours.  The formazan 

product was solubilized with DMSO and the absorbance measured at 570 nm.  The data 

is expressed as the mean + standard error of cell viability from six separate 

determinations.  Values with asterix (*) are significantly different from the control group 

as measured using the Students t test.  

 

48 Hours 

72 Hours 

24 Hours 

Control 5 25 50 100 

Concentration of 6-gingerol 

(µM) 

C
el
l 
V
ia
b
il
it
y
 (
%
) 

0

40

80 * 

* 

* * 

* 

* 

* 



 

 

63  

FIGURE 18 

Effect of 8-gingerol on viability of LNCaP cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were plated at a density of 1x 10
4
 cells/well in 96 well plates and incubated 

at 37 °C, 5% carbon dioxide and 95% humidity atmosphere for 24 hours.  The cells were 

then treated with different concentrations of 8-gingerol and incubated for 24, 48 and 72 

hours.  At the end of the treatment, the cells were treated with [3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) and incubated for 4-5 hours.  The formazan 

product was solubilized with DMSO and the absorbance measured at 570 nm.  The data 

is expressed as the mean + standard error of cell viability from six separate 

determinations.  Values with asterix (*) are significantly different from the control group 

as measured using the Students t test.  
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FIGURE 19 

Effect of shogaol mixture on viability of LNCaP cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were plated at a density of 1x 10
4
 cells/well in 96 well plates and incubated 

at 37 °C, 5% carbon dioxide and 95% humidity atmosphere for 24 hours.  The cells were 

then treated with different concentrations of shogaol mixture and incubated for 24, 48 and 

72 hours.  At the end of the treatment, the cells were treated with [3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) and incubated for 4-5 hours.  The 

formazan product was solubilized with DMSO and the absorbance measured at 570 nm.  

The data is expressed as the mean + standard error of cell viability from six separate 

determinations.  Values with asterix (*) are significantly different from the control group 

as measured using the Students t test.  
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FIGURE 20 

Effect of 6-shogaol on viability of LNCaP cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were plated at a density of 1x 10
4
 cells/well in 96 well plates and incubated 

at 37 °C, 5% carbon dioxide and 95% humidity atmosphere for 24 hours.  The cells were 

then treated with different concentrations of 6-shogaol and incubated for 24, 48 and 72 

hours.  At the end of the treatment, the cells were treated with [3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) and incubated for 4-5 hours.  The formazan 

product was solubilized with DMSO and the absorbance measured at 570 nm.  The data 

is expressed as the mean + standard error of cell viability from six separate 

determinations.  Values with asterix (*) are significantly different from the control group 

as measured using the Students t test.  
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FIGURE 21 

Effect of gingerol mixture on viability of PC-3 cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were plated at a density of 1x 10
4
 cells/well in 96 well plates and incubated at 

37 °C, 5% carbon dioxide and 95% humidity atmosphere for 24 hours.  The cells were 

then treated with different concentrations of gingerol mixture and incubated for 24, 48 

and 72 hours.  At the end of the treatment, the cells were treated with [3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and incubated for 4-5 

hours.  The formazan product was solubilized with DMSO and the absorbance measured 

at 570 nm.  The data is expressed as the mean + standard error of cell viability from six 

separate determinations.  Values with asterix (*) are significantly different from the 

control group as measured using the Students t test. 
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FIGURE 22 

Effect of 6-gingerol on viability of PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were plated at a density of 1x 10
4
 cells/well in 96 well plates and incubated at 

37 °C, 5% carbon dioxide and 95% humidity atmosphere for 24 hours.  The cells were 

then treated with different concentrations of 6-gingerol and incubated for 24, 48 and 72 

hours.  At the end of the treatment, the cells were treated with [3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) and incubated for 4-5 hours.  The formazan 

product was solubilized with DMSO and the absorbance measured at 570 nm.  The data 

is expressed as the mean + standard error of cell viability from six separate 

determinations.  Values with asterix (*) are significantly different from the control group 

as measured using the Students t test.  
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FIGURE 23 

Effect of 8-gingerol on viability of PC-3 cells  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were plated at a density of 1x 10
4
 cells/well in 96 well plates and incubated at 

37 °C, 5% carbon dioxide and 95% humidity atmosphere for 24 hours.  The cells were 

then treated with different concentrations of 8-gingerol and incubated for 24, 48 and 72 

hours.  At the end of the treatment, the cells were treated with [3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) and incubated for 4-5 hours.  The formazan 

product was solubilized with DMSO and the absorbance measured at 570 nm.  The data 

is expressed as the mean + standard error of cell viability from six separate 

determinations.  Values with asterix (*) are significantly different from the control group 

as measured using the Students t test.  

   

 

 

 

Control 5 25 50 100 

C
el
l 
V
ia
b
il
it
y
 (
%
) 

75 

0

20

40

60

80

100

Concentration of 8-gingerol 

(µM) 

48 Hours 

72 Hours 

24 Hours 

* * * 

* 
* 

* * 

* 

* 
* 

* 
* 

* 

* 

* 



 

 

69  

FIGURE 24 

Effect of shogaol mixture on viability of PC-3 cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were plated at a density of 1x 10
4
 cells/well in 96 well plates and incubated at 

37 °C, 5% carbon dioxide and 95% humidity atmosphere for 24 hours.  The cells were 

then treated with different concentrations of shogaol mixture and incubated for 24, 48 and 

72 hours.  At the end of the treatment, the cells were treated with [3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) and incubated for 4-5 hours.  The 

formazan product was solubilized with DMSO and the absorbance measured at 570 nm.  

The data is expressed as the mean + standard error of cell viability from six separate 

determinations.  Values with asterix (*) are significantly different from the control group 

as measured using the Students t test.  
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FIGURE 25 

Effect of 6-shogaol on viability of PC-3 cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were plated at a density of 1x 10
4
 cells/well in 96 well plates and incubated at 

37 °C, 5% carbon dioxide and 95% humidity atmosphere for 24 hours.  The cells were 

then treated with different concentrations of 6-shogaol and incubated for 24, 48 and 72 

hours.  At the end of the treatment, the cells were treated with [3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) and incubated for 4-5 hours.  The formazan 

product was solubilized with DMSO and the absorbance measured at 570 nm.  The data 

is expressed as the mean + standard error of cell viability from six separate 

determinations. Values with asterix (*) are significantly different from the control group 

as measured using the Students t test.  
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Effect of the test compounds on LNCaP and PC-3 cell morphology 

 

 The effect of gingerol mixture, 6-gingerol, 8-gingerol, shogaol mixture and 6-

shogaol on LNCaP and PC-3 cell morphology was also evaluated.  LNCaP and PC-3 

cells were plated at a density of 5 x 10
4
 cells per well in 24 well tissue culture dishes and 

incubated for 24 hours.  The cells were then treated with different concentrations of the 

test compounds and incubated for 48 hours.  The cells were then viewed under an 

inverted microscope at 100x to observe the morphology of the cells.  The results are 

shown in Figures 26-35.  Shogaol mixture, 6-shogaol and 8-gingerol were most effective 

in inhibiting cell growth and inducing morphological changes in both LNCaP and PC-3 

cells. 
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FIGURE 26 

Effect of gingerol mixture on morphology of LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 5x10
4
 cells/mL and incubated for 24 hours.  The 

cells were then treated with different concentrations of gingerol mixture and incubated 

for 48 hours.  The cells were viewed under an inverted microscope at 100x to observe the 

morphology. 

Control 1.6 µµµµg/mL gingerol mixture 

16 µµµµg/mL gingerol mixture 8 µµµµg/mL gingerol mixture 

32 µµµµg/mL gingerol mixture 
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FIGURE 27 

Effect of 6-gingerol on morphology of LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 5x10
4
 cells/mL and incubated for 24 hours.  The 

cells were then treated with different concentrations of 6-gingerol and incubated for 48 

hours.  The cells were viewed under an inverted microscope at 100x to observe the 

morphology. 

Control 5 µµµµM 6-gingerol 

25 µµµµM 6-gingerol 50 µµµµM 6-gingerol 

75 µµµµM 6-gingerol 
100 µµµµM 6-gingerol 
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FIGURE 28 

Effect of 8-gingerol on morphology of LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 5x10
4
 cells/mL and incubated for 24 hours.  The 

cells were then treated with different concentrations of 8-gingerol and incubated for 48 

hours.  The cells were viewed under an inverted microscope at 100x to observe the 

morphology. 

Control 5 µµµµM 8-gingerol 

25 µµµµM 8-gingerol 

 

50 µµµµM 8-gingerol 

 

75 µµµµM 8-gingerol 

 

100 µµµµM 8-gingerol 
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FIGURE 29 

Effect of shogaol mixture on morphology of LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 5x10
4
 cells/mL and incubated for 24 hours.  The 

cells were then treated with different concentrations of shogaol mixture and incubated for 

48 hours.  The cells were viewed under an inverted microscope at 100x to observe the 

morphology. 

Control 1.6 µµµµg/mL shogaol mixture 

16 µµµµg/mL shogaol mixture 8 µµµµg/mL shogaol mixture 

32 µµµµg/mL shogaol mixture 
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FIGURE 30 

Effect of 6-shogaol on morphology of LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
LNCaP cells were seeded at a density of 5x10

4
 cells/mL and incubated for 24 hours.  The 

cells were then treated with different concentrations of 6-shogaol and incubated for 48 

hours.  The cells were viewed under an inverted microscope at 100x to observe the 

morphology. 

Control 5 µµµµM 6-shogaol 

25 µµµµM 6-shogaol 50 µµµµM 6-shogaol 

75 µµµµM 6-shogaol 100 µµµµM 6-shogaol 
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FIGURE 31 

Effect of gingerol mixture on morphology of PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 5x10
4
 cells/mL and incubated for 24 hours.  The 

cells were then treated with different concentrations of gingerol mixture and incubated 

for 48 hours.  The cells were viewed under an inverted microscope at 100x to observe the 

morphology. 

Control 1.6 µµµµg/mL gingerol mixture 

16 µµµµg/mL gingerol mixture 8 µµµµg/mL gingerol mixture 

32 µµµµg/mL gingerol mixture 
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FIGURE 32 

Effect of 6-gingerol on morphology of PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 5x10
4
 cells/mL and incubated for 24 hours.  The 

cells were then treated with different concentrations of 6-gingerol and incubated for 48 

hours.  The cells were viewed under an inverted microscope at 100x to observe the 

morphology. 

Control 5 µµµµM 6-gingerol 

25 µµµµM 6-gingerol 50 µµµµM 6-gingerol 

100 µµµµM 6-gingerol 
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FIGURE 33 

Effect of 8-gingerol on morphology of PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 5x10
4
 cells/mL and incubated for 24 hours.  The 

cells were then treated with different concentrations of 8-gingerol and incubated for 48 

hours.  The cells were viewed under an inverted microscope at 100x to observe the 

morphology. 

Control 5 µµµµM 8-gingerol 

25 µµµµM 8-gingerol 50 µµµµM 8-gingerol 

100 µµµµM 8-gingerol 
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FIGURE 34 

Effect shogaol mixture on morphology of PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 5x10
4
 cells/mL and incubated for 24 hours.  The 

cells were then treated with different concentrations of shogaol mixture and incubated for 

48 hours.  The cells were viewed under an inverted microscope at 100x to observe the 

morphology. 

 

Control 1.6 µµµµg/mL shogaol mixture  

16 µµµµg/mL shogaol mixture 8 µµµµg/mL shogaol mixture 

32 µµµµg/mL shogaol mixture 
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FIGURE 35 

Effect 6-shogaol on morphology of PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 5x10
4
 cells/mL and incubated for 24 hours.  The 

cells were then treated with different concentrations of 6-shogaol and incubated for 48 

hours.  The cells were viewed under an inverted microscope at 100x to observe the 

morphology. 

Control 5 µµµµM 6-shogaol 

25 µµµµM 6-shogaol 50 µµµµM 6-shogaol 

100 µµµµM 6-shogaol 
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Effect of gingerols and shogaols on apoptosis measured using fluorescence microscopy  

 

 LNCaP and PC-3 cells were seeded at a density of 2 x 10
4
 cells/mL in 6-well 

tissue culture plates (2 mL/well) and incubated at 37 °C, 5% CO2 and 95% RH 

atmosphere for 24 hours.  The cells were then treated with the test compound and 

incubated for an additional 48 hours.  At the end of the treatment, the cells were fixed 

with a 1:1 mixture of acetone: methanol (1 mL/well) and stained with 1 mL of propidium 

iodide and viewed under the fluorescent microscope.  Apoptotic cells were characterized 

by condensed and fragmented nuclei and the apoptotic ratio was determined using the 

formula: [(number of apoptotic cells/total number of cells) x 100].  All the test 

compounds induced apoptosis in both LNCaP and PC-3 cells as shown in Figures 36-44.  

8-gingerol, shogaol mixture and 6-shogaol were the most effective in inducing apoptosis 

in both PC-3 and LNCaP cells, although the effect was stronger in the latter.    
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FIGURE 36 a 

Effect of gingerol mixture on apoptosis in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 

hours. The cells were then treated with different concentrations of gingerol mixture and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei as indicated by the white arrows.  
 

Control 1.6 µµµµg/mL gingerol mixture 

8 µµµµg/mL gingerol mixture 16 µµµµg/mL gingerol mixture 

32 µµµµg/mL gingerol mixture 24 µµµµg/mL gingerol mixture 
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FIGURE 36 b 

Effect of gingerol mixture on apoptosis in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 

hours. The cells were then treated with different concentrations of gingerol mixture and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei. [Apoptotic ratio = No. of apoptotic cells/total no. of 

cells]. p value was calculated using the Student t test, with respect to the control. 
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FIGURE 37 a 

Effect of 6-gingerol on apoptosis in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 

hours. The cells were then treated with different concentrations of 6-gingerol and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei as indicated by the white arrows.  

Control 5 µµµµM 6-Gingerol 

25 µΜµΜµΜµΜ 6-Gingerol 50 µΜµΜµΜµΜ 6-Gingerol 

100 µΜµΜµΜµΜ 6-Gingerol 75 µΜµΜµΜµΜ 6-Gingerol 
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FIGURE 37 b 

Effect of 6-gingerol on apoptosis in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 

hours. The cells were then treated with different concentrations of 6-gingerol and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei. [Apoptotic ratio = No. of apoptotic cells/total no. of 

cells]. p value was calculated using the Student t test, with respect to the control. 
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FIGURE 38 a 

Effect of 8-gingerol on apoptosis in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 

hours. The cells were then treated with different concentrations of 8-gingerol and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei as indicated by the white arrows.  
 

Control 5 µµµµM 8-Gingerol 

25 µΜµΜµΜµΜ 8-Gingerol 50 µΜµΜµΜµΜ 8-Gingerol 

100 µΜµΜµΜµΜ 8-Gingerol 75 µΜµΜµΜµΜ 8-Gingerol 
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FIGURE 38 b 

Effect of 8-gingerol on apoptosis in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 

hours. The cells were then treated with different concentrations of 8-gingerol and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei. [Apoptotic ratio = No. of apoptotic cells/total no. of 

cells]. p value was calculated using the Student t test, with respect to the control. 
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FIGURE 39 a 

Effect of shogaol mixture on apoptosis in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 

hours. The cells were then treated with different concentrations of shogaol mixture and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei as indicated by the white arrows.  

Control 1.6 µµµµg/mL shogaol mixture 

8 µµµµg/mL shogaol mixture 16 µµµµg/mL shogaol mixture 

32 µµµµg/mL shogaol mixture 24 µµµµg/mL shogaol mixture 
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FIGURE 39 b 

Effect of shogaol mixture on apoptosis in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 

hours. The cells were then treated with different concentrations of shogaol mixture and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei. [Apoptotic ratio = No. of apoptotic cells/total no. of 

cells]. p value was calculated using the Student t test, with respect to the control. 
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FIGURE 40 a 

Effect of 6-shogaol on apoptosis in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 

hours. The cells were then treated with different concentrations of 6-shogaol and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei as indicated by the white arrows.  

Control 5 µµµµM 6-shogaol 

25 µΜµΜµΜµΜ 6-shogaol 50 µΜµΜµΜµΜ 6-shogaol 

100 µΜµΜµΜµΜ 6-shogaol 75 µΜµΜµΜµΜ 6-shogaol 
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FIGURE 40 b 

Effect of 6-shogaol on apoptosis in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 

hours. The cells were then treated with different concentrations of 6-shogaol and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei. [Apoptotic ratio = No. of apoptotic cells/total no. of 

cells]. p value was calculated using the Student t test, with respect to the control. 
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FIGURE 41 a 

Effect of gingerol mixture on apoptosis in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 hours. 

The cells were then treated with different concentrations of gingerol mixture and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei as indicated by the white arrows.  

Control 1.6 µµµµg/mL gingerol mixture 

8 µµµµg/mL gingerol mixture 16 µµµµg/mL gingerol mixture 

32 µµµµg/mL gingerol mixture 
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FIGURE 41 b 

Effect of gingerol mixture on apoptosis in PC-3 cells 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 hours. 

The cells were then treated with different concentrations of gingerol mixture and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei. [Apoptotic ratio = No. of apoptotic cells/total no. of 

cells]. p value was calculated using the Student t test, with respect to the control. 
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FIGURE 42 a 

Effect of 6-gingerol on apoptosis in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 hours. 

The cells were then treated with different concentrations of 6-gingerol and incubated for 

48 hours.  The cells were stained with propidium iodide (1µg/mL) and viewed under the 

fluorescence microscope.  Apoptotic cells were characterized by condensed and 

fragmented nuclei as indicated by the white arrows.  

Control 5 µµµµM 6-gingerol 

25 µΜµΜµΜµΜ 6-gingerol 50 µΜµΜµΜµΜ 6-gingerol 

100 µΜµΜµΜµΜ 6-gingerol 
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FIGURE 42 b 

Effect of 6-gingerol on apoptosis in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 hours. 

The cells were then treated with different concentrations of 6-gingerol and incubated for 

48 hours.  The cells were stained with propidium iodide (1µg/mL) and viewed under the 

fluorescence microscope.  Apoptotic cells were characterized by condensed and 

fragmented nuclei. [Apoptotic ratio = No. of apoptotic cells/total no. of cells]. p value 

was calculated using the Student t test, with respect to the control. 
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FIGURE 43 a 

Effect of 8-gingerol on apoptosis in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 hours. 

The cells were then treated with different concentrations of 8-gingerol and incubated for 

48 hours.  The cells were stained with propidium iodide (1µg/mL) and viewed under the 

fluorescence microscope.  Apoptotic cells were characterized by condensed and 

fragmented nuclei as indicated by the white arrows.  
 

Control 5 µµµµM 8-gingerol 

50 µΜµΜµΜµΜ 8-gingerol 25 µΜµΜµΜµΜ 8-gingerol 

100 µΜµΜµΜµΜ 8-gingerol 
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FIGURE 43 b 

Effect of 8-gingerol on apoptosis in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 hours. 

The cells were then treated with different concentrations of 8-gingerol and incubated for 

48 hours.  The cells were stained with propidium iodide (1µg/mL) and viewed under the 

fluorescence microscope.  Apoptotic cells were characterized by condensed and 

fragmented nuclei. [Apoptotic ratio = No. of apoptotic cells/total no. of cells]. p value 

was calculated using the Student t test, with respect to the control. 
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FIGURE 44 a 

Effect of shogaol mixture on apoptosis in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 hours. 

The cells were then treated with different concentrations of shogaol mixture and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei as indicated by the white arrows.  

Control 1.6 µµµµg/mL shogaol mixture 

8 µµµµg/mL shogaol mixture 16 µµµµg/mL shogaol mixture 

32 µµµµg/mL shogaol mixture 
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FIGURE 44 b 

Effect of shogaol mixture on apoptosis in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 hours. 

The cells were then treated with different concentrations of shogaol mixture and 

incubated for 48 hours.  The cells were stained with propidium iodide (1µg/mL) and 

viewed under the fluorescence microscope.  Apoptotic cells were characterized by 

condensed and fragmented nuclei. [Apoptotic ratio = No. of apoptotic cells/total no. of 

cells]. p value was calculated using the Student t test, with respect to the control. 
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FIGURE 45 a 

Effect of 6-shogaol on apoptosis in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at a density of 1x10
4
 cells/mL and allowed to attach for 24 hours. 

The cells were then treated with different concentrations of 6-shogaol and incubated for 

48 hours.  The cells were stained with propidium iodide (1µg/mL) and viewed under the 

fluorescence microscope.  Apoptotic cells were characterized by condensed and 

fragmented nuclei as indicated by the white arrows.  

Control 5 µµµµM 6-shogaol 

25 µµµµΜΜΜΜ 6-shogaol 50 µΜµΜµΜµΜ 6-shogaol 

75 µΜµΜµΜµΜ 6-shogaol 100 µΜµΜµΜµΜ 6-shogaol 
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FIGURE 45 b 

Effect of 6-shogaol on apoptosis in PC-3 cells 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
PC-3 cells were seeded at a density of 1x10

4
 cells/mL and allowed to attach for 24 hours. 

The cells were then treated with different concentrations of 6-shogaol and incubated for 

48 hours.  The cells were stained with propidium iodide (1µg/mL) and viewed under the 

fluorescence microscope.  Apoptotic cells were characterized by condensed and 

fragmented nuclei. [Apoptotic ratio = No. of apoptotic cells/total no. of cells]. p value 

was calculated using the Student t test, with respect to the control. 
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Effect of 6-gingerol, 8-gingerol and 6-shogaol on cell cycle measured using flow 

cytometry  

 

 

 To further confirm the occurrence of apoptosis, we conducted cell cycle analysis 

as described previously.  Cell cycle consists of 4 basic phases, the G1 (gap), S (synthesis), 

G2 (gap) and M (mitosis) phase.  During these phases, different amount of DNA is 

present in these cells that can be measured using flow cytometry.  In the G1 phase of cell 

cycle (resting phase), the cells contain diploid amount of DNA (2N).  When entering into 

the S phase, DNA multiplication takes place until it doubles in number (between 2N-4N). 

From here when cells enter the G2M phase they have 4N number of DNA.  This can be 

measured by using a dye that can bind with the DNA, such as propidium iodide (PI).  

However PI can bind to both DNA and RNA; for this reason we use RNAse A to destroy 

the RNA thus enabling PI to only bind to DNA in the cell.  By measuring the 

fluorescence of the cell by flow cytometry, we can determine which phase each cell is in 

[316].  In short, LNCaP and PC-3 cells were treated with different concentrations of 6-

gingerol, 8-gingerol and 6-shogaol and incubated for 48 hours.  At the end of the 

treatment, the cells were harvested, lysed with ethanol and stained with PI in the presence 

of RNAse A.  The cells were then analyzed using a
 
Coulter Epics-Profile II flow 

cytometer and the proportion of cells in each phase of the
 
cell cycle was calculated using 

cytologic software from Coulter
 
Corp.  Based on the extent of staining in each cell the 

percentage of cells in each phase of the cell cycle can be analyzed. The cells in the G1 

phase will contain 2N number of DNA and cells in the M phase 4N number of DNA 

(after replication).  The S phase which lies between these two phases, the cells will 

contain between 2N-4N numbers of DNA.  When the cells are arrested before entering 
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the G1 phase, apoptosis is said to have occurred and this is often referred to as sub G1 

phase.  
 
     

 6-gingerol was able to arrest cells in the subG1 or apoptotic phase at the highest 

concentration tested in LNCaP cells only.  However in PC-3 cells, 6-gingerol was not 

able to arrest cells in the subG1 phase but was able to significantly arrest cells in the 

G2M phase of the cell cycle.  8-gingerol on the other hand was able to induce apoptosis 

in LNCaP cells at both 75 µM and 100 µM as seen with sub G1 arrest but not any other 

phase of the cell cycle.  However in PC-3 cells, it was able to induce arrest in both the 

sub G1 phase (at all concentrations tested) and the synthesis (S) phase of the cell cycle (at 

50, 75 and 100 µM).  6-shogaol was able to induce apoptosis as seen with sub G1 phase 

arrest in both cell lines.  6-shogaol was also able to induce S phase arrest in LNCaP cells 

(at 50 and 75 µM) and PC-3 cells (at 50, 75 and 100 µM).  The results are shown in 

Figures 46-51.     
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FIGURE 46 a 

Effect of 6-gingerol on cell cycle in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were treated with different concentrations of 6-gingerol for 48 hours. The 

cells were washed, lysed with ice cold ethanol and placed on ice. The cells were 

resuspended in PBS containing 0.1 mg/mL RNAse A and 10 µg/mL propidium iodide.  

The cells were then incubated for 30 minutes and analyzed by flow cytometry.  

Control 5 µµµµM 6-gingerol 

25 µΜµΜµΜµΜ 6-gingerol 50 µΜµΜµΜµΜ 6-gingerol 

100 µΜµΜµΜµΜ 6-gingerol 
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FIGURE 46 b 

Effect of 6-gingerol on cell cycle in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were treated with different concentrations of 6-gingerol for 48 hours. The 

cells were washed, lysed with ice cold ethanol and placed on ice. The cells were 

resuspended in PBS containing 0.1 mg/mL RNAse A and 10 µg/mL propidium iodide.  

The cells were then incubated for 30 minutes and analyzed by flow cytometry. The 

values are mean + standard error of percentage of cells in the subG1 phase of the cell 

cycle.  p value was calculated using the Student t test, with respect to the control. 

* p<0.05 
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FIGURE 47 a 

Effect of 8-gingerol on cell cycle in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were treated with different concentrations of 8-gingerol for 48 hours. The 

cells were washed, lysed with ice cold ethanol and placed on ice. The cells were 

resuspended in PBS containing 0.1 mg/mL RNAse A and 10 µg/mL propidium iodide.  

The cells were then incubated for 30 minutes and analyzed by flow cytometry.  

Control 5 µµµµM 8-gingerol 

25 µΜµΜµΜµΜ 8-gingerol 50 µΜµΜµΜµΜ 8-gingerol 

100 µΜµΜµΜµΜ 8-gingerol 75 µΜµΜµΜµΜ 8-gingerol 
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FIGURE 47 b 

Effect of 8-gingerol on cell cycle in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were treated with different concentrations of 8-gingerol for 48 hours. The 

cells were washed, lysed with ice cold ethanol and placed on ice. The cells were 

resuspended in PBS containing 0.1 mg/mL RNAse A and 10 µg/mL propidium iodide.  

The cells were then incubated for 30 minutes and analyzed by flow cytometry. The 

values are mean + standard error of percentage of cells in the subG1 phase of the cell 

cycle.  p value was calculated using the Student t test, with respect to the control. 

* p<0.05 
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FIGURE 48 a 

Effect of 6-shogaol on cell cycle in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were treated with different concentrations of 6-shogaol for 48 hours. The 

cells were washed, lysed with ice cold ethanol and placed on ice. The cells were 

resuspended in PBS containing 0.1 mg/mL RNAse A and 10 µg/mL propidium iodide.  

The cells were then incubated for 30 minutes and analyzed by flow cytometry.  

Control 5 µµµµM 6-shogaol 

25 µΜµΜµΜµΜ 6-shogaol 50 µΜµΜµΜµΜ 6-shogaol 

100 µΜµΜµΜµΜ 6-shogaol 75 µΜµΜµΜµΜ 6-shogaol 
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FIGURE 48 b 

Effect of 6-shogaol on cell cycle in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were treated with different concentrations of 6-shogaol for 48 hours. The 

cells were washed, lysed with ice cold ethanol and placed on ice. The cells were 

resuspended in PBS containing 0.1 mg/mL RNAse A and 10 µg/mL propidium iodide.  

The cells were then incubated for 30 minutes and analyzed by flow cytometry. The 

values are mean + standard error of percentage of cells in the subG1 phase of the cell 

cycle.  p value was calculated using the Student t test, with respect to the control. 

* p<0.05 
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FIGURE 49 a 

Effect of 6-gingerol on cell cycle in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were treated with different concentrations of 6-gingerol for 48 hours. The cells 

were washed, lysed with ice cold ethanol and placed on ice. The cells were resuspended 

in PBS containing 0.1 mg/mL RNAse A and 10 µg/mL propidium iodide.  The cells were 

then incubated for 30 minutes and analyzed by flow cytometry.  

Control 5 µµµµM 6-gingerol 

25 µΜµΜµΜµΜ 6-gingerol 50 µΜµΜµΜµΜ 6-gingerol 

100 µΜµΜµΜµΜ 6-gingerol 
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FIGURE 49 b 

Effect of 6-gingerol on cell cycle in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were treated with different concentrations of 6-gingerol for 48 hours. The cells 

were washed, lysed with ice cold ethanol and placed on ice. The cells were resuspended 

in PBS containing 0.1 mg/mL RNAse A and 10 µg/mL propidium iodide.  The cells were 

then incubated for 30 minutes and analyzed by flow cytometry. The values are mean + 

standard error of percentage of cells in the subG1 phase of the cell cycle.  p value was 

calculated using the Student t test, with respect to the control. 

* p<0.05 
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FIGURE 50 a 

Effect of 8-gingerol on cell cycle in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were treated with different concentrations of 8-gingerol for 48 hours. The cells 

were washed, lysed with ice cold ethanol and placed on ice. The cells were resuspended 

in PBS containing 0.1 mg/mL RNAse A and 10 µg/mL propidium iodide.  The cells were 

then incubated for 30 minutes and analyzed by flow cytometry. 

Control 5 µµµµM 8-gingerol 

25 µΜµΜµΜµΜ 8-gingerol 50 µΜµΜµΜµΜ 8-gingerol 

100 µΜµΜµΜµΜ 8-gingerol 75 µΜµΜµΜµΜ 8-gingerol 
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FIGURE 50 b 

Effect of 8-gingerol on cell cycle in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were treated with different concentrations of 8-gingerol for 48 hours. The cells 

were washed, lysed with ice cold ethanol and placed on ice. The cells were resuspended 

in PBS containing 0.1 mg/mL RNAse A and 10 µg/mL propidium iodide.  The cells were 

then incubated for 30 minutes and analyzed by flow cytometry. The values are mean + 

standard error of percentage of cells in the subG1 phase of the cell cycle.  p value was 

calculated using the Student t test, with respect to the control. 

* p<0.05 
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FIGURE 51 a 

Effect of 6-shogaol on cell cycle in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were treated with different concentrations of 6-shogaol for 48 hours. The cells 

were washed, lysed with ice cold ethanol and placed on ice. The cells were resuspended 

in PBS containing 0.1 mg/mL RNAse A and 10 µg/mL propidium iodide.  The cells were 

then incubated for 30 minutes and analyzed by flow cytometry 

25 µΜµΜµΜµΜ 6-shogaol 50 µΜµΜµΜµΜ 6-shogaol 

Control 5 µµµµM 6-shogaol 

75 µΜµΜµΜµΜ 6-shogaol 100 µΜµΜµΜµΜ 6-shogaol 
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FIGURE 51 b 

Effect of 6-shogaol on cell cycle in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were treated with different concentrations of 6-shogaol for 48 hours. The cells 

were washed, lysed with ice cold ethanol and placed on ice. The cells were resuspended 

in PBS containing 0.1 mg/mL RNAse A and 10 µg/mL propidium iodide.  The cells were 

then incubated for 30 minutes and analyzed by flow cytometry. The values are mean + 

standard error of percentage of cells in the subG1 phase of the cell cycle.  p value was 

calculated using the Student t test, with respect to the control. 

* p<0.05 
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Effect of 6-gingerol, 8-gingerol and 6-shogaol on apoptosis measured using Annexin V-

FITC and Propidium iodide (PI) co-staining  

 

 The presence of apoptosis was further confirmed using Annexin V-FITC and PI 

staining.  During the process of apoptosis, one of the early events that takes place is the 

externalization of phosphotidyl serine (PS), a phospholipids normally located in the inner 

portion of the cell membrane.  This can be measured using Annexin V, a protein that 

binds specifically to PS.  PI on the other hand can enter and bind to nucleic acid only in 

cells whose membrane has been ruptured.  Hence by measuring the levels of both these 

dyes, we can estimate the number of viable, apoptotic and necrotic cells in the sample of 

interest based on the flow cytometric data.  Cells in the lower left hand quadrant indicate 

viable cells (that are both PI and Annexin V negative).  The cells in the lower right hand 

quadrant are cells which are only Annexin V positive which indicates the percentage of 

apoptotic cells.  Cells in the upper right hand quadrant are both PI and Annexin V 

positive and are said to be late apoptotic.  Cells in the upper left hand quadrant are only 

PI positive and are considered necrotic.  Cells undergoing apoptosis are present either in 

the lower or upper right hand quadrant.  For performing this assay LNCaP and PC-3 cells 

were treated with the respective compounds and incubated for an additional 48 hours. At 

the end of the treatment, the cells were harvested, washed with PBS twice and incubated 

with Annexin V –PI reagent for 15 minutes at room temperature.  The cells were then 

analyzed using a Coulter Epics-Profile II flow cytometer and the proportion of cells 

stained with Annexin V, PI or both were calculated by using cytologic software from 

Coulter
 
Corp.
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 Based on the flow cytometric analysis, 6-gingerol did not induce apoptosis in 

either LNCaP (Figure 52) or PC-3 (Figure 55) cells.  Most of the cells in the control as 

well as the treatment group were present in the lower left hand quadrant.  8-gingerol and 

6-shogaol induced apoptosis in both LNCaP and PC-3 cells.  Both these compounds were 

able to induce apoptosis in LNCaP cells (as seen in the lower right hand quadrant) at 50, 

75 and 100 µM (Figures 53-54). However in PC-3 cells, both 6-shogaol and 8-gingerol 

could induce apoptosis only at higher concentrations and the cells seemed to be late 

apoptotic (upper right quadrant).  8-gingerol was able to induce apoptosis only at 100 µM 

(Figure 56) but 6-shogaol induced apoptosis at 75 and 100 µM (Figure 57). This 

indicated that the time course and probably the mechanisms of action might be different 

in LNCaP and PC-3 cells by 8-gingerol and 6-shogaol.  
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FIGURE 52 

Effect of 6-gingerol on apoptosis in LNCaP cells measured using Annexin V-FITC and 

PI staining  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were plated at a concentration of 2x10
5
 cells/well in 6-well culture dishes 

and incubated for 24 hours at 37 °C and 5% CO2 atmosphere. The cells were then treated 

with different concentrations of 6-gingerol and incubated for an additional 48 hours. At 

the end of the treatment, the cells were harvested, washed with PBS twice and incubated 

with Annexin V-FITC (0.25 µg/mL) and PI (5 µg/mL) for 15 minutes at room 

temperature.  The cells were then analyzed using a Coulter Epics-Profile II flow 

cytometer and the proportion of cells stained with Annexin V, PI or both were calculated 

by using cytologic software from Coulter
 
Corp.

 
    

Control 5 µµµµM 6-gingerol 

25 µΜµΜµΜµΜ 6-gingerol 50 µΜµΜµΜµΜ 6-gingerol 

75 µΜµΜµΜµΜ 6-gingerol 100 µΜµΜµΜµΜ 6-gingerol 
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FIGURE 53 

Effect of 8-gingerol on apoptosis in LNCaP cells measured using Annexin V-FITC and 

PI staining  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were plated at a concentration of 2x10
5
 cells/well in 6-well culture dishes 

and incubated for 24 hours at 37 °C and 5% CO2 atmosphere. The cells were then treated 

with different concentrations of 8-gingerol and incubated for an additional 48 hours. At 

the end of the treatment, the cells were harvested, washed with PBS twice and incubated 

with Annexin V-FITC (0.25 µg/mL) and PI (5 µg/mL) for 15 minutes at room 

temperature.  The cells were then analyzed using a Coulter Epics-Profile II flow 

cytometer and the proportion of cells stained with Annexin V, PI or both were calculated 

by using cytologic software from Coulter
 
Corp.

 
    

Control 5 µµµµM 8-gingerol 

25 µΜµΜµΜµΜ 8-gingerol 50 µΜµΜµΜµΜ 8-gingerol 

75 µΜµΜµΜµΜ 8-gingerol 100 µΜµΜµΜµΜ 8-gingerol 
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21.7% 13.6% 
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FIGURE 54 

Effect of 6-shogaol on apoptosis in LNCaP cells measured using Annexin V-FITC and PI 

staining 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were plated at a concentration of 2x10
5
 cells/well in 6-well culture dishes 

and incubated for 24 hours at 37 °C and 5% CO2 atmosphere. The cells were then treated 

with different concentrations of 6-shogaol and incubated for an additional 48 hours. At 

the end of the treatment, the cells were harvested, washed with PBS twice and incubated 

with Annexin V-FITC (0.25 µg/mL) and PI (5 µg/mL) for 15 minutes at room 

temperature.  The cells were then analyzed using a Coulter Epics-Profile II flow 

cytometer and the proportion of cells stained with Annexin V, PI or both were calculated 

by using cytologic software from Coulter
 
Corp.

 
    

Control 5 µµµµM 6-shogaol 

25 µµµµM 6-shogaol 50 µµµµM 6-shogaol 

75 µµµµM 6-shogaol 100 µµµµM 6-shogaol 
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FIGURE 55 

Effect of 6-gingerol on apoptosis in PC-3 cells measured using Annexin V-FITC and PI 

staining 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were plated at a concentration of 2x10
5
 cells/well in 6-well culture dishes and 

incubated for 24 hours at 37 °C and 5% CO2 atmosphere. The cells were then treated with 

different concentrations of 6-gingerol and incubated for an additional 48 hours. At the 

end of the treatment, the cells were harvested, washed with PBS twice and incubated with 

Annexin V-FITC (0.25 µg/mL) and PI (5 µg/mL) for 15 minutes at room temperature.  

The cells were then analyzed using a Coulter Epics-Profile II flow cytometer and the 

proportion of cells stained with Annexin V, PI or both were calculated by using cytologic 

software from Coulter
 
Corp.

 
    

Control 5 µµµµM 6-gingerol 

25 µΜµΜµΜµΜ 6-gingerol 50 µΜµΜµΜµΜ 6-gingerol 

100 µΜµΜµΜµΜ 6-gingerol 75 µΜµΜµΜµΜ 6-gingerol 
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FIGURE 56 

Effect of 8-gingerol on apoptosis in PC-3 cells measured using Annexin V-FITC and PI 

staining 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were plated at a concentration of 2x10
5
 cells/well in 6-well culture dishes and 

incubated for 24 hours at 37 °C and 5% CO2 atmosphere. The cells were then treated with 

different concentrations of 8-gingerol and incubated for an additional 48 hours. At the 

end of the treatment, the cells were harvested, washed with PBS twice and incubated with 

Annexin V-FITC (0.25 µg/mL) and PI (5 µg/mL) for 15 minutes at room temperature.  

The cells were then analyzed using a Coulter Epics-Profile II flow cytometer and the 

proportion of cells stained with Annexin V, PI or both were calculated by using cytologic 

software from Coulter
 
Corp.

 
    

Control 5 µµµµM 8-gingerol 

25 µΜµΜµΜµΜ 8-gingerol 50 µΜµΜµΜµΜ 8-gingerol 
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FIGURE 57 

Effect of 6-shogaol on apoptosis in PC-3 cells measured using Annexin V-FITC and PI 

staining 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were plated at a concentration of 2x10
5
 cells/well in 6-well culture dishes and 

incubated for 24 hours at 37 °C and 5% CO2 atmosphere. The cells were then treated with 

different concentrations of 6-shogaol and incubated for an additional 48 hours. At the end 

of the treatment, the cells were harvested, washed with PBS twice and incubated with 

Annexin V-FITC (0.25 µg/mL) and PI (5 µg/mL) for 15 minutes at room temperature.  

The cells were then analyzed using a Coulter Epics-Profile II flow cytometer and the 

proportion of cells stained with Annexin V, PI or both were calculated by using cytologic 

software from Coulter
 
Corp.
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Effect of 6-gingerol, 8-gingerol and 6-shogaol on apoptosis measured using Western blot 

analysis 

 

 To further confirm the presence of apoptosis and to determine the mechanisms of 

action of the test compounds western blot analysis was performed.  LNCaP or PC-3 cells 

were plated on 100 mm2 Petri dishes and treated with different concentrations of the test 

compounds.  Following incubation for 48 hours, proteins from the samples were 

extracted based on established protocols using RIPA buffer as described previously.  The 

protein content in the samples was determined using a protein assay kit.  The samples 

were then loaded onto a freshly prepared 8-14% polyacrylamide gel, electrophoresed at 

70-120 V for 2-3 hours and the proteins were transferred onto nitrocellulose membranes 

at 100 V for 2 hours.  The nitrocellulose membrane was blocked and probed with primary 

antibody for 12-18 hours at 4 °C with constant shaking.  The membrane was then 

incubated with secondary antibody at room temperature for one hour and visualized to 

detect the presence of proteins.  To detect the presence of apoptosis, we used PARP as 

the marker.  PARP is a protein that is present downstream of the caspase cascade of 

apoptosis cleavage and is commonly used as a marker of apoptosis.  During apoptosis 

this 116 kDa protein is cleaved into its 89 kDa cleavage product.  To determine if the 

compounds were acting through the intrinsic or extrinsic pathway of apoptosis we used 

caspase-9 and caspase-8 antibodies respectively.  The presence of apoptosis was seen as a 

cleavage product in the western blots.        

 As noted with the previous experiments, 6-gingerol did not induce apoptosis in 

LNCaP and PC-3 cells (Figure 58 and 59).  No cleavage of both PARP or caspase-3 
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FIGURE 58 

Effect of 6-gingerol on expression of apoptotic proteins in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at 5 x 105 cells/dish in 100mm2 Petri dishes and treated with 

different concentrations of 6-gingerol for 48 hours.  At the end of the treatment, protein 

from the cells were extracted using RIPA buffer containing 1% protease inhibitor and 

phosphatase inhibitor cocktails, according to established protocols as described in 

materials and methods. The proteins in samples were determined using a BCA protein 

assay kit. Equal amounts (30 µg) proteins were loaded on a freshly prepared 8-12% 

polyacrylamide gel and electrophoresed under 70-120 V for 2-3 hours.  The 

electrophoresed were then transferred onto activated nitrocellulose membrane at 100 V 

for 2 hours.  The membrane was blocked and incubated with the respective primary 

antibodies overnight.  The appropriate secondary antibody was added and incubated for 

another hour.  The membranes were then scanned to visualize the protein band (shown in 

the above figures) as described earlier.  
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FIGURE 59 

Effect of 6-gingerol on expression of apoptotic proteins in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at 5 x 105 cells/dish in 100mm2 Petri dishes and treated with 

different concentrations of 6-gingerol for 48 hours.  At the end of the treatment, protein 

from the cells were extracted using RIPA buffer containing 1% protease inhibitor and 

phosphatase inhibitor cocktails, according to established protocols as described in 

materials and methods. The proteins in samples were determined using a BCA protein 

assay kit. Equal amounts (50 µg) proteins were loaded on a freshly prepared 8-12% 

polyacrylamide gel and electrophoresed under 70-120 V for 2-3 hours.  The 

electrophoresed were then transferred onto activated nitrocellulose membrane at 100 V 

for 2 hours.  The membrane was blocked and incubated with the respective primary 

antibodies overnight.  The appropriate secondary antibody was added and incubated for 

another hour.  The membranes were then scanned to visualize the protein band (shown in 

the above figures) as described earlier 
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could be seen indicating that apoptosis was not taking place at the concentrations tested 

(upto 100 µM).  8-gingerol, on the other hand, was able to induce apoptosis at both 75 

and 100 µM in LNCaP cells (Figure 60) and at 50, 75 and 100 µM in PC-3 cells (Figure 

61) as seen with PARP cleavage (89 kDA cleavage product from the 116 kDa PARP 

protein).  8-gingerol induced cleavage of caspase-9 (35 kDa cleavage product from 47 

kDa protein) in both LNCaP and PC-3 cells indicating that it acts through activation of 

the intrinsic pathway of apoptosis.   

 6-shogaol also induced apoptosis in LNCaP and PC-3 cells as seen previously.  It 

was able to induce PARP cleavage at 100 µM in LNCaP cells and at 75 and 100 µM in 

PC-3 cells (Figures 62-63).  As seen with 8-gingerol, it did not induce apoptosis through 

the extrinsic pathway (caspase 8) but through the intrinsic pathway (caspase-9).  

 In addition, time dependent induction of apoptosis by 8-gingerol (at 75 µM) and 

6-shogaol (at 100 µM) was also conducted in both the cell lines. Both 8-gingerol and 6-

shogaol were able to induce apoptosis in LNCaP cells 6 hours after treatment (as seen 

with caspase-9 cleavage, Figures 64-65).  In PC-3 cells, treatment with 8-gingerol 

induced apoptosis after 6 hours (Figure 66) while treatment with 6-shogaol induced 

apoptosis after only 3 hours of treatment (Figure 67).    
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FIGURE 60 

Effect of 8-gingerol on expression of apoptotic proteins in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at 5 x 105 cells/dish in 100mm2 Petri dishes and treated with 

different concentrations of 8-gingerol for 48 hours.  At the end of the treatment, protein 

from the cells were extracted using RIPA buffer containing 1% protease inhibitor and 

phosphatase inhibitor cocktails, according to established protocols as described in 

materials and methods. The proteins in samples were determined using a BCA protein 

assay kit. Equal amounts (30 µg) proteins were loaded on a freshly prepared 8-12% 

polyacrylamide gel and electrophoresed under 70-120 V for 2-3 hours.  The 

electrophoresed were then transferred onto activated nitrocellulose membrane at 100 V 

for 2 hours.  The membrane was blocked and incubated with the respective primary 

antibodies overnight.  The appropriate secondary antibody was added and incubated for 

another hour.  The membranes were then scanned to visualize the protein band (shown in 

the above figures) as described earlier.  
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FIGURE 61 

Effect of 8-gingerol on expression of apoptotic proteins in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at 5 x 105 cells/dish in 100mm2 Petri dishes and treated with different 

concentrations of 8-gingerol for 48 hours.  At the end of the treatment, protein was extracted using RIPA 

buffer containing protease and phosphatase inhibitor cocktails, according to established protocols as 

described in materials and methods. Equal amounts (50 µg) proteins were loaded on a freshly prepared 8-

12% polyacrylamide gel and electrophoresed under 70-120 V for 2-3 hours.  The electrophoresed proteins 

were then transferred onto activated nitrocellulose membrane at 100 V for 2 hours.  The membrane was 

blocked and incubated with the respective primary antibodies overnight.  The appropriate secondary 

antibody was added and incubated for another hour.  The membranes were then scanned to visualize the 

protein band (shown in the above figures) as described earlier. 
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FIGURE 62 

Effect of 6-shogaol on expression of apoptotic proteins in LNCaP cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at 5 x 105 cells/dish in 100mm2 Petri dishes and treated with 

different concentrations of 6-shogaol for 48 hours.  At the end of the treatment, protein 

from the cells were extracted using RIPA buffer containing 1% protease inhibitor and 

phosphatase inhibitor cocktails, according to established protocols as described in 

materials and methods. The proteins in samples were determined using a BCA protein 

assay kit. Equal amounts (30 µg) proteins were loaded on a freshly prepared 8-12% 

polyacrylamide gel and electrophoresed under 70-120 V for 2-3 hours.  The 

electrophoresed were then transferred onto activated nitrocellulose membrane at 100 V 

for 2 hours.  The membrane was blocked and incubated with the respective primary 

antibodies overnight.  The appropriate secondary antibody was added and incubated for 

another hour.  The membranes were then scanned to visualize the protein band (shown in 

the above figures) as described earlier.  
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FIGURE 63 

Effect of 6-shogaol on expression of apoptotic proteins in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at 5 x 105 cells/dish in 100mm2 Petri dishes and treated with 

different concentrations of 6-shogaol for 48 hours.  Protein was extracted using RIPA 

buffer containing protease and phosphatase inhibitor cocktails, according to established 

protocols. Equal amounts (50 µg) proteins were loaded on a freshly prepared 8-12% 

polyacrylamide gel and electrophoresed under 70-120 V for 2-3 hours.  The proteins were 

then transferred onto activated nitrocellulose membrane at 100 V for 2 hours.  The 

membrane was blocked and incubated with the respective primary antibodies overnight.  

The appropriate secondary antibody was added and incubated for another hour.  The 

membranes were then scanned to visualize the protein band. 
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FIGURE 64 

Time-dependent induction of apoptosis in LNCaP cells by treatment with 8-gingerol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at 5 x 105 cells/dish in 100mm2 Petri dishes and treated with 75 

µM of 8-gingerol for different time periods.  Protein was extracted using RIPA buffer 

containing protease and phosphatase inhibitor cocktails, according to established 

protocols. Equal amounts (50 µg) proteins were loaded on a freshly prepared 8-12% 

polyacrylamide gel and electrophoresed under 70-120 V for 2-3 hours.  The proteins were 

then transferred onto activated nitrocellulose membrane at 100 V for 2 hours.  The 

membrane was blocked and incubated with the respective primary antibodies overnight.  

The appropriate secondary antibody was added and incubated for another hour.  The 

membranes were then scanned to visualize the protein band. 
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FIGURE 65 

Time-dependent induction of apoptosis in LNCaP cells by treatment with 6-shogaol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were seeded at 5 x 105 cells/dish in 100mm2 Petri dishes and treated with 

100 µM of 6-shogaol for different time periods.  Protein was extracted using RIPA buffer 

containing protease and phosphatase inhibitor cocktails, according to established 

protocols. Equal amounts (50 µg) proteins were loaded on a freshly prepared 8-12% 

polyacrylamide gel and electrophoresed under 70-120 V for 2-3 hours.  The proteins were 

then transferred onto activated nitrocellulose membrane at 100 V for 2 hours.  The 

membrane was blocked and incubated with the respective primary antibodies overnight.  

The appropriate secondary antibody was added and incubated for another hour.  The 

membranes were then scanned to visualize the protein band. 
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FIGURE 66 

Time-dependent induction of apoptosis in PC-3 cells by treatment with 8-gingerol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at 5 x 105 cells/dish in 100mm2 Petri dishes and treated with 75 

µM of 8-gingerol for different time periods.  Protein was extracted using RIPA buffer 

containing protease and phosphatase inhibitor cocktails, according to established 

protocols. Equal amounts (50 µg) proteins were loaded on a freshly prepared 

polyacrylamide gel and electrophoresed under 70-120 V for 2-3 hours.  The proteins were 

then transferred onto activated nitrocellulose membrane at 100 V for 2 hours.  The 

membrane was blocked and incubated with the respective primary antibodies overnight.  

The appropriate secondary antibody was added and incubated for another hour.  The 

membranes were then scanned to visualize the protein band. 
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FIGURE 67 

Time-dependent induction of apoptosis in PC-3 cells by treatment with 6-shogaol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were seeded at 5 x 105 cells/dish in 100mm2 Petri dishes and treated with 100 

µM of 6-shogaol for different time periods.  Protein was extracted using RIPA buffer 

containing protease and phosphatase inhibitor cocktails, according to established 

protocols. Equal amounts (50 µg) proteins were loaded on a freshly prepared 8-12% 

polyacrylamide gel and electrophoresed under 70-120 V for 2-3 hours.  The proteins were 

then transferred onto activated nitrocellulose membrane at 100 V for 2 hours.  The 

membrane was blocked and incubated with the respective primary antibodies overnight.  

The appropriate secondary antibody was added and incubated for another hour.  The 

membranes were then scanned to visualize the protein band. 
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Effect of 8-gingerol and 6-shogaol on reactive oxygen species (ROS) production 

measured using flow cytometry 

 

 The effect of 8-gingerol and 6-shogaol on ROS production was also conducted to 

determine the mechanism of apoptosis induction by these compounds. In short, LNCaP or 

PC-3 cells were pretreated with 5 mM of 2’,7’-dichlorofluorescein diacetate for 15 

minutes in a shaking water bath.  The cells were then incubated with the respective test 

compounds for another hour in a shaking water bath.  The fluorescence of the cells was 

then measured using a Coulter Epics-Profile II flow cytometer. Data analysis was 

performed using cytologic software from Coulter
 
Corp. The increase in fluorescence 

intensity was measured to indicate the production of reactive oxygen species. Both the 

test compounds were able to induce the production of ROS in both the cell lines in a dose 

dependent manner.  8-gingerol and 6-shogaol (at 100 µM) were able to increase the ROS 

levels by 7 and 8 fold respectively compared to the control in LNCaP cells (Figures 68-

69).  Both the test compounds were able to increase the production of ROS in PC-3 cells 

by 6 fold (Figures 70-71).  These results correlated well with the induction of apoptosis 

that was seen with western blot analysis, indicating that this could be one of the 

mechanisms of apoptosis induction in both LNCaP and PC-3 cells.        
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Figure 68 a 

Effect of 8-gingerol on induction of ROS in LNCaP cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were treated with 5 µM of 2’,7’-dichlorofluorescein diacetate (DCFH-DA) 

for 15 minutes in a shaking water bath at 37 °C. The cells were then treated with different 

concentrations of 8-gingerol (or no treatment for control) in triplicate and incubated for 

another hour at the same conditions. The fluorescence of the cells was then measured 

using a Coulter Epics-Profile II flow cytometer. Data analysis was performed using 

cytologic software from Coulter Corp.  

Control 5 µµµµM 8-gingerol 

25 µΜµΜµΜµΜ 8-gingerol 50 µΜµΜµΜµΜ 8-gingerol 

75 µΜµΜµΜµΜ 8-gingerol 100 µΜµΜµΜµΜ 8-gingerol 
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Figure 68 b 

Effect of 8-gingerol on induction of ROS in LNCaP cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were treated with 5 µM of 2’,7’-dichlorofluorescein diacetate (DCFH-DA) 

for 15 minutes in a shaking water bath at 37 °C. The cells were then treated with different 

concentrations of 8-gingerol (or no treatment for control) in triplicate and incubated for 

another hour at the same conditions. The fluorescence of the cells was then measured 

using a Coulter Epics-Profile II flow cytometer. Data analysis was performed using 

cytologic software from Coulter Corp.  Statistical analysis was performed using the 

Students t test.   
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Figure 69 a 

Effect of 6-shogaol on induction of ROS in LNCaP cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were treated with 5 µM of 2’,7’-dichlorofluorescein diacetate (DCFH-DA) 

for 15 minutes in a shaking water bath at 37 °C. The cells were then treated with different 

concentrations of 6-shogaol (or no treatment for control) in triplicate and incubated for 

another hour at the same conditions. The fluorescence of the cells was then measured 

using a Coulter Epics-Profile II flow cytometer. Data analysis was performed using 

cytologic software from Coulter Corp.  

Control 5 µµµµM 6-shogaol 

25 µΜµΜµΜµΜ 6-shogaol 50 µΜµΜµΜµΜ 6-shogaol 

75 µΜµΜµΜµΜ 6-shogaol 100 µΜµΜµΜµΜ 6-shogaol 
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Figure 69 b 

Effect of 6-shogaol on induction of ROS in LNCaP cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LNCaP cells were treated with 5 µM of 2’,7’-dichlorofluorescein diacetate (DCFH-DA) 

for 15 minutes in a shaking water bath at 37 °C. The cells were then treated with different 

concentrations of 6-shogaol (or no treatment for control) in triplicate and incubated for 

another hour at the same conditions. The fluorescence of the cells was then measured 

using a Coulter Epics-Profile II flow cytometer. Data analysis was performed using 

cytologic software from Coulter Corp.  Statistical analysis was performed using the 

Students t test.   
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Figure 70 a 

Effect of 8-gingerol on induction of ROS in PC-3 cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were treated with 5 µM of 2’,7’-dichlorofluorescein diacetate (DCFH-DA) for 

15 minutes in a shaking water bath at 37 °C. The cells were then treated with different 

concentrations of 8-gingerol in triplicate and incubated for another hour at the same 

conditions. The fluorescence of the cells was measured using a Coulter Epics-Profile II 

flow cytometer. Data analysis was performed using cytologic software from Coulter Corp.  
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Figure 70 b 

Effect of 8-gingerol on induction of ROS in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were treated with 5 µM of 2’,7’-dichlorofluorescein diacetate (DCFH-DA) for 

15 minutes in a shaking water bath at 37 °C. The cells were then treated with different 

concentrations of 8-gingerol in triplicate and incubated for another hour at the same 

conditions. The fluorescence of the cells was measured using a Coulter Epics-Profile II 

flow cytometer. Data analysis was performed using cytologic software from Coulter Corp.  

Statistical analysis was performed using the Students t test.  
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Figure 71 a 

Effect of 6-shogaol on induction of ROS in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were treated with 5 µM of 2’,7’-dichlorofluorescein diacetate (DCFH-DA) for 

15 minutes in a shaking water bath at 37 °C. The cells were then treated with different 

concentrations of 6-shogaol in triplicate and incubated for another hour at the same 

conditions. The fluorescence of the cells was measured using a Coulter Epics-Profile II 

flow cytometer. Data analysis was performed using cytologic software from Coulter Corp.  
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Figure 71 b 

Effect of 6-shogaol on induction of ROS in PC-3 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PC-3 cells were treated with 5 µM of 2’,7’-dichlorofluorescein diacetate (DCFH-DA) for 

15 minutes in a shaking water bath at 37 °C. The cells were then treated with different 

concentrations of 8-gingerol in triplicate and incubated for another hour at the same 

conditions. The fluorescence of the cells was measured using a Coulter Epics-Profile II 

flow cytometer. Data analysis was performed using cytologic software from Coulter Corp.  

Statistical analysis was performed using the Students t test.  
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DISCUSSION 

 

 Several phytochemicals isolated from fruits, vegetables, spices and herbs have 

shown promise as potential cancer chemopreventive agents.  They have been shown to 

act through multiple mechanisms including modulation of the phase I and phase II drug 

metabolizing enzymes, scavenging of  free radicals, modulation of arachidonic acid 

metabolism, suppression of abnormal cancer cell proliferation and induction of apoptosis 

[317].         

 Ginger has been used in traditional medicine for several ages for the treatment of 

a variety of disorders [274,318].  Recent studies on ginger has shown antioxidant, anti-

inflammatory, chemopreventive, hypocholestrolemic and several other pharmacological 

activities [9,11,24-37].  The main purpose of this study was to evaluate the anti-

inflammatory and chemopreventive activities of the some of the gingerols and shogaols 

isolated from ginger.    

 In this study, we have isolated a mixture of gingerols, 6-gingerol, 8-gingerol, a 

mixture of shogaols and 6-shogaol from a crude ginger extract using column 

chromatography.  The purity and identity of these compounds were confirmed using 

HPLC and NMR analysis.    

The anti-inflammatory activity of gingers has been evaluated in several in vitro 

studies and a few in vivo studies, mostly focusing on crude ginger and 6-gingerol.  Ginger 

and some of its components (such as 6-gingerol, 6-paradol and related analogues) have 

been shown to inhibit inflammation in isolated macrophage cells.  In these studies, these 

compounds have been know to inhibit several inflammatory markers (such as 
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cycloooxygenase, lipoxygenase, ornithine decarboxylase, iNOS and NF-κB) in a dose 

dependent manner [36,319-322].  However studies evaluating the anti-inflammatory 

activity of ginger and its components in animal models are very limited. Most studies 

have focused on the effect of crude ginger extract (ethanolic) which has been able to 

inhibit the edema in mice and rats in a dose dependent manner [88,106]. In a study 

conducted by Park et al. 6-gingerol at 10 µMol was able to reduce TPA-induced edema 

by 61% in female ICR mice [89]. 

 In the current study, we wanted to evaluate the anti-inflammatory activity of 6-

gingerol and 6-shogaol on the TPA-induced mouse ear inflammatory model.  On 

application of TPA to female CD-1 mice ears, there was edema and overexpression of 

cytokines as noted previously.  6-gingerol was able to significantly inhibit TPA-induced 

ear edema in a dose dependent manner at all concentrations tested in both the 

experiments.  However, only 25 and 50 µMol of 6-gingerol was able to inhibit the over-

expression of cytokines (IL-1β and IL-6) induced by TPA.  6-shogaol (25 and 50 µMol) 

was also able to inhibit ear edema and over expression of cytokines in a dose dependent 

manner.  Further studies are warranted to establish the effect of these compounds on 

other important pathways involved in inflammation.    

The main purpose of thus study was to evaluate the chemopreventive activity of 

these isolated compounds on prostate cancer cells. The chemopreventive activity of 

ginger has been evaluated in a few in vitro and in vivo experiments, primarily focusing on 

crude ginger and 6-gingerol.  Ginger extract has been shown to inhibit cancers of the 

colon, skin, breast and liver in animal models [30,86,323-325].  Ginger extract has also 

been shown to possess anti-oxidant potential in several in vitro experiments which could 
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contribute to its chemopreventive effect [27,34,58,104,326].  In addition 6-gingerol has 

been shown to inhibit angiogenesis in mice and in certain human cell lines [99].  Ginger 

and 6-gingerol has been shown to induce apoptosis in leukemia, oral and skin cancer cell 

lines [78,97,327,328].    

 In this study the effects of gingerols and shogaols on prostate cancer cells were 

evalauted. We selected two different prostate cancer cells lines (LNCaP and PC-3) to 

study the chemopreventive potential of these compounds, an androgen dependent 

(LNCaP) and an androgen independent (PC-3) cell line.  In order to evaluate our 

hypotheses, we first conducted cell viability studies using the MTT assay.  By this 

method we were able to establish the IC50 (the concentration that was able to inhibit cell 

growth and viability by 50%) of the compounds.  The test compounds were able to inhibit 

the growth and viability of both prostate cancer cell lines, with 8-gingerol and 6-shogaol 

being the most effective in both cell lines.  However, the androgen dependent, LNCaP 

cells were more sensitive and a lower dose of the test compounds were able to inhibit cell 

viability and proliferation.  Based on this we conducted several assays to establish the 

mechanisms of action of the test compounds on apoptosis.   

 In order to detect the presence of apoptosis, we first conducted experiments to 

study the morphological changes occurring in the cells (that are characteristic of 

apoptosis) on treatment with the test compounds.  This was conducted with the help of 

fluorescence microscopy, using propidium iodide as the dye.  We could observe most of 

the morphological features of apoptosis such as fragmented nuclei, chromatin 

condensation and the presence of apoptotic bodies.  As observed with the MTT assay, 8-
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gingerol, shogaol mixture and 6-shogaol were most effective in inducing apoptosis in 

both cell lines.       

To confirm the presence of apoptosis in treated cells, we performed cell cycle 

analysis and Annexin V-FITC and PI co-staining.  The cell cycle analysis was conducted 

using PI staining and the extent of staining in each phase of the cell cycle was measured 

using flow cytometry as described previously.  The effects of the test compounds on 

different phases of the cell cycle were very different indicating that they might act 

through different mechanisms. 6-gingerol was able to induce apoptosis, as seen with 

subG1 phase arrest, only at 100 µM in LNCaP cells.  However it did induce G2M phase 

arrest in PC-3 cells.  8-gingerol was able to induce apoptosis at 75 and 100 µM in LNCaP 

cells but not on any other phases of the cell cycle.  On the other hand, 8-gingerol was able 

to induce both subG1 (at 100 µM) and S phase arrest (at 75 and 100 µM) in PC-3 cells.    

6-shogaol was able to induce apoptosis at 75 and 100 µM and S phase arrest at 75 

µM in LNCaP cells.  In PC-3 cells 6-shogaol was able to induce apoptosis from 25 µM 

onwards as seen with subG1 arrest.  In addition, it was also able to induce S phase arrest 

in PC-3 cells from 50 µM.  However the extent of apoptosis was less in PC-3 cells than 

LNCaP as noted previously.             

A recent study using p53 mutant pancreatic cell lines have shown that 6-gingerol 

at 400 µM induces G1 and S phase arrest in the cell cycle [91].  However, this 

concentration may not be achievable in humans as the bioavailability of most 

phytochemicals is low.  Previous studies have also shown that on intravenous 

administration to rats, 6-gingerol is rapidly cleared from the blood with less than 0.1% of 

the dose remaining in the plasma after 30 minutes [116].  Hence, we have used a highest 
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concentration of 100 µM in our study, which might be relevant to the human situation.  

Detailed mechanistic studies are warranted to further evaluate the exact mechanisms of 

action of these compounds.          

In addition, Annexin V- FITC analysis was performed to confirm the presence of 

apoptosis.  During the process of apoptosis, externalization of phosphotidyl serine (PS) 

(an amino phospholipid normally located in the inner portion of the cell membrane) 

occurs, aiding in its easy recognition by macrophages and other phagocytes.  This 

phenomenon which is an early event during apoptosis, is used in this assay to determine 

the presence of apoptosis.  Both 8-gingerol and 6-shogaol were able to induce apoptosis 

in LNCaP and PC-3 cells based on this assay.  This data correlates well with the results 

discussed previously in this study.  

To further elucidate the pathways of apoptosis induction by the test compounds, 

Western blot analysis was performed.  Both, 8-gingerol and 6-shogaol induced apoptosis 

in LNCaP and PC-3 cells as seen with PARP cleavage.  To further detect the mechanisms 

of apoptosis induction, caspase-8 and caspase-9 Western blots were conducted. Both, 8-

gingerol and 6-shogaol, induced apoptosis through the intrinsic or mitochondrial pathway 

as seen with caspase-9 cleavage in both LNCaP and PC-3 cell lines.  To further elucidate 

the mechanisms of apoptosis induction, we determined the levels of ROS in 8-gingerol 

and 6-shogaol treated cells.  Both 8-gingerol and 6-shogaol were able to induce the 

production of ROS in LNCaP and PC-3 cells in a dose dependent manner which 

correlated well with induction of apoptosis.  This indicated that production of reactive 

oxygen species such as hydrogen peroxide could be one of the mechanism through which 

these compounds exert their chemopreventive and apoptotic effect in prostate cancer cells.     
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In this study, we have shown for the first time that both 8-gingerol and 6-shogaol 

were able to induce apoptosis in androgen dependent (LNCaP) and androgen independent 

(PC-3) cells through activation of the intrinsic or mitochondrial pathway of apoptosis.  
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