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ABSTRACT 
 

Green Coffee Extract (GCE) is a popular health supplement known for its anti-obesity & anti-diabetic effects. 
Here we tested GCE for its capacity to activate J774.1 mouse macrophages and protect against Doxorubicin 
induced apoptosis. J774.1 cells treated for 24 h with 100 and 500 µg/ml GCE showed increased production 
of  IL-6, TNF-α and nitric oxide (NO) in a dose dependent manner. GCE upregulated production of these 
molecules by inducing transcription of the IL-6, TNF-α and iNOS genes. In addition, GCE was able to restore 
viability of J774.1 cells treated with Doxorubicin. Pre-treatment of cells with GCE for 1 h abrogated Dox 
induced loss of cell viability. While Dox robustly induced caspase 3/7 activity within 6 h of treatment, pre-
treatment with GCE for 1 h was enough to attenuate this induction. The results we report here suggest that 
GCE activates J774.1 macrophages and is cytoprotective against Dox induced apoptosis. 
 
KEYWORDS:Green Coffee Extract,Doxorubicin, J774.1, macrophages, Caspase 3/7, cytokines, NO, iNOS 
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INTRODUCTION 
 
Macrophages are important effectors of innate and 
adaptive immunity and need to be activated to perform 
this function. The hallmark of macrophage activation is 
the secretion of inflammatory molecules like IL-6 and 
TNF-α as well as cytotoxic molecules like nitric oxide.

1,2
 

Activating macrophages results in increased immune 
function and the body’s ability to fight pathogens.

3
  

Instances of lowered immune function are common in 
various situations. It is well known that one of the serious 
side effects of doxorubicin (Dox), a potent 
chemotherapeutic drug, is immune suppression and 
Doxtreated macrophages show increased apoptosis.

4,5
 

Cytokines like IL-6 and TNF-α are pleiotropic molecules 
and can be cytoprotective. IL-6 has been shown to 
protect macrophages from viral infection,

6
 promote 

alternative activation for establishing inflammatory 
homeostasis

7
 and protect from toxic free cholesterol 

accumulation.
8
 More pertinently, there is evidence that 

IL-6 signaling through the STAT3 pathway sends pro-
survival signals to macrophages under ER-stress and 
thus helps in macrophage survival and health.

9
 TNF-α 

can be pro or anti-apoptotic, depending on the cellular 
context and receptor subtype engagement.

10
 

Macrophage apoptosis is observed in arthritic patients 
treated with anti-TNF-α antibodies

11
 and Lo et al

12
 

showed that treatment with TNF-α prevents methotrexate 
induced macrophage apoptosis. NO is a molecule that is 
known to have dual effects

13
 and low concentrations of 

this molecule are cytoprotective to macrophages while 
high concentrations are cytotoxic.

14,15
 It has been 

demonstrated that increase in NO production 
systemically as well as in the lungs and liver restores 
heart function in doxorubicin induced cardiac 
toxicity.

16
Coffee is the most popular beverage consumed 

all over the world. It is a complex mixture of about a 
thousand different components.

17
 While roasted coffee is 

consumed as a beverage, green unroasted coffee is very 
popular as a health supplement with putative anti-
diabetic,

18
 anti-hypertensive

19
 and  neuroprotective

20
and 

even anti-bacterial properties
38

. While there are reports of 
anti-inflammatory effects of coffee,

21
 there has been no 

strong epidemiological evidence that coffee consumption 
is associated with lower inflammatory marker  levels.

22
 

Thus there seems to be no consensus as to the nature of 
the relationship between coffee and inflammation. We 
have already reported that a hydroalcoholic green coffee 
extract (GCE) protects H9C2 cardiomyocytes from 
Doxorubicin induced cell death.

23
 In this study we provide 

evidence that GCE upregulates activation markers in 
J774.1 macrophages, increases production of cytokines 
TNF-α and IL-6 at the level of transcription and protein. 
GCE increases production of NO from J774.1 cells and 
induces transcription of the enzyme iNOS. GCE also 
protects them from Doxorubicin induced apoptosis by 
preventing Caspase activation. These hitherto unknown 
activities of GCE pave way for new applications for green 
coffee as a strongly cytoprotective functional food. 

 

 

MATERIALS AND METHODS 
 

All cell culture reagents like Dulbecco’s Mimimal 
Essential Medium (DMEM), glutamine, fetal bovine 
serum (FBS), penicillin, streptomycin, trypsin, were 
obtained from Invitrogen. DMSO and Doxorubicin were 
products of Sigma Aldrich.  All reagents were of cell 
culture or analytical grades. 
 
(i) Cells and cell culture 
J774.1 mouse macrophage-like cell line and A549 lung 
cancer cell line were obtained from ATCC. J774.1 cells 
were maintained in DMEM supplemented with 10% FBS 
and with penicillin and streptomycin.  A549 cells were 
maintained in DMEM supplemented with 2 mM 
Glutamine, 10% FBS, penicillin and streptomycin. The 
cultures were incubated at 37

0
C under humidified 5% 

CO2 and 95% air. Adherent cells were gently detached 
using 0.25% trypsin and 0.02% EDTA. 
 
(ii) Preparation of GCE 
The decaffeinated hydroalcoholic Green Coffee Extract 
(GCE) used in this study was kindly supplied by Sanat 
Products (Delhi, India). Green coffee beans from the 
plant Coffeaarabica were milled and extracted for 24 h 
with 80:20 aqueous alcohol, concentrated to a thick liquid 
in vacuum, filtered, dried and pounded to a fine powder.  
The extract was weighed out freshly for each experiment 
and dissolved in incomplete cell culture medium (DMEM) 
at the required concentration before cell treatment. 
 
(iii) Analysis of cytokine and NO production 
J774.1 cells (10,000 cell/well) cultured overnight in a 96 
well cell culture plate were treated with GCE (100 and 
500 µg/ml) or LPS (1 µg/ml). After 24 h of incubation, cell 
free supernatant was used to determine the amount of 
nitrite by using Griess reagent (Invitrogen) as per 
manufacturer’s instructions. The amount of IL-6 and TNF-
α were also quantified in these supernates using 
commercially available ELISA kits (R&D Systems) 
according to manufacturer’s instructions. Cell pellets 
were used for real-time RT-PCR. 
 
(iv) Analysis of gene expression 
J774.1 cells (10,000 cells/well) were cultured overnight in 
96 well cell culture plate and treated with GCE (100 and 
500 µg/ml)  for 6 h. Total RNA was extracted fromcells 
using Trizol Reagent (Ambion) according to 
manufacturer's instructions. RT-qPCR was performed 
using SuperScript III Platinum SYBR Green One-Step 
qRT-PCR Kit (Invitrogen) employing the PikoReal 96 real 
time PCR instrument (Thermofisher).  Primer pairs used 
are listed in Table 1.  GAPDH gene expression was used 
as an endogenous control and relative gene expression 
was calculated based on the comparative CT method. 
Data were shown as the fold difference normalized to 
GAPDH. 
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(v) Alamar Blue Viability Assay 
J774.1 cells (10,000 cell/well) or A549 cells (4,000 
cells/well) cultured overnight in a 96 well black walled 
clear bottom plate (Corning) were pre-treated for 1 h with 
GCE (50, 100 and 500 µg/ml) with subsequent addition 
of 1 µM Doxorubicin for 72 hrs. Following this, cells were 
incubated with 1X Alamar Blue (Invitrogen) for 3 h at 
37

0
C and fluorescence was read in a Tecan Infinite 

M1000 Pro instrument at 544/590nm 
(Excitation/Emission). All estimations were performed in 
triplicate. 
 
 
 
  

(vi) Caspase activity assay 
J774.1 cells (4,500 cells/well) were cultured overnight in 
a white-walled opaque 384-well plate (Corning). The cells 
were pretreated for 1 h with GCE at 100 and 500 µg/ml 
and then Doxorubicin was added to a final concentration 
of 1 or 3 µM for 6 h. Caspase 3/7 activity was measured 
using the Caspase 3/7 Glo kit (Promega) according to 
manufacturer’s instructions. Luminescence was 
quantified with a Tecan´s Infinite M1000 Pro instrument. 
The assay was performed in triplicate. 
 
(vii) Statistical analysis 
Each result was expressed as the mean + standard error 
of mean (SEM). One way ANOVA followed by Tukey’s 
test was applied. 

 
Table 1 

Sequences of primers for Real-time RT-PCR 
 

Primer Sequence (5’-3’) 

iNOS GTAAACTGCAAGAGAACGGAGAAC  (Forward) 
GAGCTCCTCCAGAGGGGTAG (Reverse) 

TNF-α CCCTCACACTCAGATCATCTTCTForward) 
GCTACGACGTGGGCTACAG (Reverse) 

IL-6 GACAAAGCCAGAGTCCTTCAGAGAG (Forward) 
CTAGGTTTGCCGAGTAGATCTC (Reverse) 

GAPDH ATGTTTGTGATGGGTGTGAA (Forward) 
ATGCCAAAGTTGTCATGGAT (Reverse) 

 

RESULTS AND DISCUSSION 

 
1. Effect of GCE on cytokine gene expression and 
cytokine production by J774.1 cells 
Activation of macrophages leads to the production of pro-
inflammatory cytokines like TNF-α and IL-6. Figure 1 (A) 
and (C) shows that GCE stimulated the expression of the 
cytokines TNF-α and IL-6 at mRNA level within 6 h of 
treatment. The induction of these genes increased with 
increase in dose of GCE as well as time of incubation 
with GCE (data not shown). To understand if gene 
expression translated to protein production, the levels of 
TNF-α and IL-6 protein were measured after 24 h of GCE 
treatment. As can be seen from Figure 1 (B) and (D), 
GCE treatment resulted in a dose-dependent increase in 
TNF-α and IL-6 release within 24 h.Green coffee, or 
certain purified components of green coffee have been 
reported to be anti-inflammatory by several groups, with 
reports of decreased cytokine levels in inflammatory 
conditions like carrageenan induced paw edema, 
diabetes 

24-27
etc. But in this study we observed induction 

of IL-6 production by J774.1 macrophages by 
GCE.These differences in results can be due to 
differences in the mode of extract preparation, the 
species of Coffea used and possibly even due to 
combining treatment with extracts from other plants. For 
example, in the study by Moriera et al 

24
  the green coffee 

extract is shown to decrease cytokine levels in 
carrageenan induced paw edema, the extract was 
prepared by boiling the coffee beans in water, while the 
extract used in this study was a hydroalcoholic extract. In 
the study by Chang et al 

27
 where treatment showed 

decrease in cytokine levels, green coffee was combined 
with several other extracts from cocoa, green tea and 
garcinia. While IL-6 and TNF-α have a reputation for 
being pro-inflammatory, a lot of evidence exists to show 
that these molecules can be cytoprotective towards 
immune cells.

9,12
 We later sought to understand if this 

cytokine production due to GCE could be cytoprotective 
towards J774.1 macrophages treated with Doxorubicin 
treatment.
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Figure 1 

GCE upregulates cytokine production and cytokine gene expression in J774.1 cells.  (A) & (C) Production 
of IL-6 and TNF-α by J774.1 cells after 24 h of treatment (B) & (C) Relative gene expression of IL-6 and 
TNF-α  after 6 h of treatment, normalized to GAPDH used as internal control. Significant differences 
compared with control are indicated with 

*
p < 0.05, **p <0.01 and ***p < 0.001. 

 
2. Effect of GCE on NO production and iNOS gene 
expression 
Nitric Oxide (NO) is a free radical produced by activated 
macrophages,

1
 and helps macrophage function by 

inhibiting replication of pathogens like bacteria and 
viruses, and also of tumor cells.

28
 Since inducing NO 

production is a hallmark of immunomodulatory activity, 
we evaluated if GCE possesses this capacity.  As can be 
seen from Figure 2, GCE was able to induce statistically 
significant production at 500 µg/ml from J774.1 
macrophages, though there was a definite trend of 
induction even at 100 µg/ml. LPS was used as a positive 
control and the level of induction of NO by GCE was a 
2.5 fold lower than by LPS. Yoshioka et al

14,15
 have 

demonstrated that low NO concentrations are 
cytoprotective to macrophages while high concentrations 
are cytotoxic. GCE induced NO production at a lower 
level,suggestingcytoprotective activity. NO is synthesized 
from L-arginine by inducible nitric oxide synthase (iNOS), 
and upregulation of (iNOS) gene expression is 
predominantly responsible for macrophage NO 
production.

29
To understand if induction of NO production 

by GCE is affected at the level of gene expression, iNOS 
gene expression was quantitated in GCE treated J774.1 
cells. Figure 2 (B) shows that GCE indeed upregulated 
the expression of iNOS within 6 h of treatment dose 
dependently.  This suggests that GCE regulates NO 
production at transcription level. 
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Figure 2 

GCE induces NO production and iNOS gene expression in J774.1 cells. (A) Production of NO by J774.1 
cells after 24 h of treatment (B) Relative gene expression of iNOS gene in J774.1 cells after 6 h of 
treatment, normalized to GAPDH used as internal control. Significant differences compared with control 
are indicated with 

*
p < 0.05 and ***p < 0.01. 

 
3. Effect of GCE on Dox induced loss of cell viability 
The data presented above suggests that GCE can 
function as an immunomodulator in J774.1 macrophages. 
To ascertain whether it is cytoprotective, J774.1 cells 
were treated with Doxorubicin in the presence and 
absence of GCE. Doxorubicin is a chemotherapeutic 
drug that is known to be immunosuppressive and 
cytotoxic to macrophages. There are many studies that 
report reduced macrophage viability in the presence of 
Dox.

4,5
 As can be seen in Figure 3 (A), Dox reduced the 

cell viability of J774.1 macrophages to 57.5%. GCE was 
able to restore cell viability to control levels in a dose 
dependent manner. To understand if GCE interferes with 
Dox anti-cancer capability, we treated the lung cancer 
cell line A549 with Dox in the presence and absence of 
GCE. The viability of J774.1 cells in the presence of Dox 
was restored to Vehicle Control levels by 
pretreatmentwith 100 µg/ml of GCE, and at the same 
dose, GCE did not interfere with the ability of Dox to kill 
A549 lung cancer cells (Figure 3 (B)). 
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Figure3 

GCEattenuates Dox induced loss of viability in J774.1 cells but does not interfere with Dox ability to kill A549 
lung cancer cells. (A) Effect on viability in J774.1 cells. (B) Effect on viability in A549 cells.Significant differences 
compared with control are indicated with 

$$
p < 0.01, 

$$$
 p<0.001; significant differences compared with Dox 

treatment are indicated with * p<0.05; *** p<0.001. 
4. GCE effect on Caspase 3/7 activation by Dox  
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Caspase 3 and Caspase 7 belong to the caspase 
family of proteases that play key roles in the 
apoptotic process. These enzymes are known as the 
executioner caspases, and are essentially the 
effector proteins of the cellular apoptotic process.

30
 

Activation of Caspase-3 has been identified as a key 
step in Dox mediated apoptosis in non-tumor cells.

31
 

Both the intrinsic and extrinsic pathways of apoptosis 
converge at the point of Caspase 3 activation and 
Dox is known to activate both these pathways.

31
  

There is extensive evidence that suggests that 

suppression of activation of Caspase 3 rescues cells 
from Dox-induced apoptosis in a variety of cell 
types.

32,33,34,35
 Figure 4 shows that in our study, Dox 

treatment of J774.1 cells at 1 and 3 µM activated 
Caspase 3 by 1.7 and 9.6 fold respectively, within 6 
h. Pre-treatment with GCE for 1 h attenuated 
Caspase 3 activation in a dose-dependent manner. 
This demonstrates that GCE protects J774.1 
macrophages from Dox induced apoptosis robustly 
and dose-dependently. 
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Figure 4 

GCE attenuatesDox-induced Caspase 3/7 activity in J774.1 cells dose-dependently.Caspase activity was 
measured 6 h after Dox treatment. (A) Dox treatment at 1 µM (B) Dox treatment at 3 µM. Significant 
differences compared with control are indicated with 

$
p < 0.05, 

$$$
p<0.001; compared with Dox treatment 

are indicated with *p<0.05; ***p<0.001. 
 

Taken together, the picture that emerges of GCE is one 
of an immunomodulatory plant extract that is also 
cytoprotective. All the three molecules induced by GCE, 
IL-6, TNF-α and NO are pleotropic in nature, and 
protective towards macrophages. IL-6 signaling through 
STAT3 is known to prevent ER-stress mediated 
apoptosis in macrophages.

9
TNF-α administration 

prevents macrophage apoptosis induced by a 
chemotherapeutic agent (methotrexate).

12
 NO is a 

cytotoxic molecule that is produced by macrophages but 
protects macrophages themselves by inducing catalase 
expression. Yoshioka et al explain that a balance 
between NO and its metabolite peroxynitrite decides 
whether the NO is cytotoxic or 
cytoprotective.

14,15
Doxorubicin induces apoptosis in 

macrophages and it is possible that GCE induction of 
cytokines and NO work towards attenuating Dox induced 
damage in several ways. NO might work through 
catalase induction, preventing ROS effects, IL-6 and 
TNF-α through induction of survival signals to compete 
with Dox-induced apoptotic signals. Chlorogenic acid has 
recently been shown to protect H9C2 cardiomyocytes 
from Dox induced cell damage byMandzuik et al., 
36

Chlorogenic acids form a large component of GCE,
37

 
and it is a strong possibility that this component is 

responsible for some or all of the cytoprotective and anti-
apoptotic effects of GCE seen here. 
 

CONCLUSION 
 

The results and discussion presented above based on 
our data suggests that GCE can activate J774.1 
macrophages and induce production of NO and cytokines 
by regulating the expression of their respective genes. 
GCE also protects J774.1 cells from Dox induced 
apoptosis. It is possible that the cytokines and NO 
induced by GCE confer protection against apoptotic 
signals from Dox treatment. This is the first time that 
GCE has been demonstrated to have cytoprotective and 
immunomodulatory activities towards J774.1 
macrophages. In continuation with our previous work 
showing that GCE protects cardiomyocytes from Dox-
induced apoptosis, the present study has implications for 
the application of green coffee in alleviating 
chemotherapy induced cellular toxicity. An 
immunomodulatory plant extract that increases immune 
function and protects macrophages in the presence of 
chemotherapeutics like Dox would address an important 
unmet medical need. 



Int J Pharm Bio Sci 2016 Jan; 7(1): (P) 153 - 160  

 

 

This article can be downloaded from www.ijpbs.net 

P - 159 

 

ACKNOWLEDGEMENT 
 
The authors gratefully acknowledge Sanat Products 
for help with supplying the GCE and Sai Life 
Sciences for its constant and complete support. 

CONFLICT OF INTEREST 

Conflict of interest declared none. 

 

REFERENCES 
 
1. Medzhitov R., Janeway J C. Innate immune 

recognition: mechanisms and pathways. Immunol. 
Rev., 173: 89-97, (2000). 

2. Nathan C.F. Secretory products of macrophages. J. 
Clin. Invest., 79: 319-326, (1987). 

3. Beutler B. Innate immunity: an overview. Mol. 
Immunol., 40: 845-859, (2004). 

4. Hebishima T., Matsumoto Y., Watanabe G., Soma 
G. I., Kohchi C., Taya K., Hayasshi Y, Hirota Y., 
Protective Effects of the Immunopotentiator from 
Pantoea agglomerans 1 on Chemotherapeutic 
Agent-induced Macrophage Growth Inhibition. 
Anticancer Res., 30: 2033-2040, (2010). 

5. Dominguez-Rodriguez J. R., Chaparro-Huerta V., 
Hernandez-Flores G., Gomez-Contreras P. C., 
Lerma-Diaz J. M., Ortiz-Lazareno P. C.,Cervantes-
Munguia R; Orcbach-Arbouys S; Scott-Algara D; 
Cuellar A B, In vivo adriamycin-induced apoptosis in 
peritoneal murine macrophages: partial participation 
of a caspase cascade. Anticancer Res, 24: 2689-
2696, (2004). 

6. Moorea T. C., Bushc K. L., Codya L., Browna D. M., 
Petro T. M., Control of Early Theiler's Murine 
Encephalomyelitis Virus Replication in Macrophages 
by Interleukin-6 Occurs in Conjunction with STAT1 
Activation and Nitric Oxide Production. J. Virol., 86 
(19): 10841-10851, (2012). 

7. Bhagirath J. M., Chaurasia, Goldau J., Vogt M. C., 
Ruud J., Nguyen K. D., Theurich A; Hausen A C; 
Schmitz J; Beonneke H S; Estevez E; Allen T L; 
Mesaros A; Patrodge L; Febbraio M A; Chawla A; 
Wunderlich F T; Bruning J C, Signaling by IL-6 
promotes alternative activation of macrophages to 
limit endotoxemia and obesity-associated resistance 
to insulin. Nature Immunology, 15: 423-430, (2014). 

8. Frisdal E., Lesnik P., Olievier M., Robillard P., 
Chapman M. J., Huby T; Guerin M; Le Goff W., 
Interleukin-6 protects human macrophages from 
cellular cholesterol accumulation and attenuates the 
proinflammatory response. J Biol Chem., 286 (35): 
30926-30936, (2011). 

9. Li Y., Zhang Y., Dorweiler B., Cui D., Wang T., Woo 
C. W., Brunkan C S; Wolberger C; Imai S, Tabas I., 
Extracellular Nampt promotes macrophage survival 
via a nonenzymatic interleukin-6/STAT3 signaling 
mechanism. J Biol Chem., 283 (50): 34833-34843, 
(2008). 

10. Yuan J., Transducing signals of life and death. Curr 
Opin Cell Biol, 9: 247-251, (1997). 

11. Catrina A. I., Trollmo C., Klint E; Engstrom M; 
Lampa J; Hermansson Y; Klareskog l; Ulfgren A K,  
Evidence that anti-tumor necrosis factor therapy with 

both etanercept and infliximab induces apoptosis in 
macrophages, but not lymphocytes, in rheumatoid 
arthritis joints: extended report. Arthritis Rheum, 52: 
61-72 (2005). 

12. Lo S. Z., Steer J. H., Joyce D. A., Tumor necrosis 
factor-alpha promotes survival in methotrexate-
exposed macrophages by an NF-kappaB-dependent 
pathway. Arthritis Research & Therapy, 13 (R24): 1-
13, (2011). 

13. Cheng A., Wan F., Jin Z., Wang J., Xu X. X., Nitrite 
oxide and inducible nitric oxide synthase were 
regulated by polysaccharides isolated from 
Glycyrrhiza uralensis Fisch. J Ethnopharmacol, 118 
(1): 59-64, (2008). 

14. Yoshioka Y., Kitao T., Kishino T., Yamamura A., 
Maeda S., Nitric oxide protects macrophages from 
hydrogen peroxide induced apoptosis by inducing 
the formation of catalase. J Immunol, 176: 4675-
4681, (2006). 

15. Yoshioka Y., Yamamuro A.,Maeda S., Nitric 
oxide/cGMP signaling pathway protects RAW264 
cells against nitric oxide induced apoptosis by 
inhibiting the activation of p38 mitogen activated 
protein kinase. J Pharmacol Sci, 101: 126-134, 
(2006). 

16. Toya T., Hakuno D., Shiraishi Y., Kujiraoka T., 
Adachi T., Arginase inhibition augments nitric oxide 
production and facilitates left ventricular systolic 
function in doxorubicin-induced cardiomyopathy in 
mice. Physiol Rep, 2 (9): 1-10, (2014). 

17. Higdon J., Frei, B., Coffee and health: a review of 
recent human research. Crit Rev Food Sci Nutr, 46: 
101-123, (2006). 

18. Song S. J., Choi S.,Park T. Decaffeinated green 
coffee bean extract attenuates diet-induced obesity 
and insulin resistance in mice. Evidence based 
complementary and alternative medicine, 2014: 1-
14, (2014). 

19. Suzuki A., Kagawa D., Ochiai R., Tokumitsu I.,Saito 
I., Green coffee bean extract and its metabolites 
have a hypotensive effect in spontaneously 
hypertensive rats . Hypertens Res, 25 (1): 99-107, 
(2002). 

20. Jeong J. H., Jeong H. R., Jo Y. N., Kim H. Y., Lee 
U., Heo J., Antioxidant and neuronal cell protective 
effects of Columbia Arabica coffee with different 
roasting conditions. Prev. Nutr. Food Sci., 18 (1): 
30-37, (2013). 

21. Moreiraa M. E., Pereiraa R. G., Diasb D. F., 
Moraesc G. O., Paivad A. G., Santosh M. H., Anti-
inflammatory effect of aqueous extracts of roasted 



Int J Pharm Bio Sci 2016 Jan; 7(1): (P) 153 - 160  

 

 

This article can be downloaded from www.ijpbs.net 

P - 160 

 

and green Coffea arabica L. Journal of functional 
foods, 5: 466-474, (2013). 

22. Rebello S. A., Chen C. H., Naidoo N., Xu W., Lee J., 
Chia K. S., Tai E. S., Dam R. M. Coffee and tea 
consumption in relation to inflammation and basal 
glucose metabolism in a multi-ethnic Asian 
population: a cross-sectional study. Nutrition 
Journal, 10 (61): 1-10 (2011). 

23. Malkapuram S., Venkataraman K., Taran S., Kolla 
L., Rajagopalan L. Green Coffee Extract protects 
H9C2 cardiomyocytes from Doxorubicin induced 
apoptosis.. Research Journal of Medicinal Plant, 10 
(1); 89-97 (2016). 

24. Kim H. P., Son K. H., Chang H. W., Kang S. S., 
Antiinflammatory plant flavonoids and cellular action 
mechanisms. Journal of Pharmacological Sciences, 
96: 229-245, (2004). 

25. Kim J. Y., Kim D. H., Jeong H. G. Jeong Inhibitory 
effect of the coffee diterpene kahweol on 
carrageenan induced inflammation in rats. 
BioFactors., 26: 17-28, (2006). 

26. Kempf K., Herder C., Erlund I., Kolb H., Martin S., 
Carstensen M., Koenig W; Sundvall J; Bidel S; Kuha 
S; Tuomilehto J., Effects of coffee consumption on 
subclinical inflammation and other risk factors for 
type 2 diabetes: A clinical trial. The American 
Journal of Clinical Nutrition, 91: 950-957, (2010). 

27. Chang C. W., Hsu Y. J., Chen Y. M., Huang W. C., 
Huang C. C., Hsu M. C., Effects of combined extract 
of cocoa, coffee, green tea and garcinia on lipid 
profiles, glycaemic markers and inflammatory 
responses in hamsters. BMC Complement Altern 
Med., 15 (269): 1-11, (2015). 

28. MacMicking J., Xie Q. W., Nathan C., Nitric oxide 
and macrophage function. Annu. Rev. Immunol, 15: 
323-350, (1997). 

29. Huang M., Mei X., Zhang S, Mechanism of nitric 
oxide production in macrophages treated with 
medicinal mushroom extracts. Int. J. Med. 
Mushrooms, 13: 1-6, (2011). 

30. Wyllie A. H., Apoptosis: an overview. Br. Medd. Bul., 
53 (3): 451-465, (1997). 

31. Wang S., Konorev E. A., Kotamraju S., Joseph J., 
Kalivendi S., Kalyanaraman B., Doxorubicin induces 
apoptosis in normal and tumor cells via distinctly 
different mechanisms. intermediacy of H(2)O(2)- 
and p53-dependent pathways. J Biol Chem, 279 
(24): 25535-25543, (2004). 

32. Mohamed R. H., Karam R. A., Hagrass H. A., Amer 
M. G., Abd El-Haleem M. R., Anti-apoptotic effect of 
spermatogonial stem cells on doxorubicin-induced 
testicular toxicity in rats. Gene, 561 (1): 107-114, 
(2005) . 

33. Chularojmontri L., Wattanapitayakul S. K., 
Herunsalee A., Charuchongkolwongse S., 
Niumsakul S., Srichairat S., Antioxidative and 
Cardioprotective Effects of Phyllanthus urinaria L. on 
Doxorubicin-Induced Cardiotoxicity. Biol. Pharm. 
Bull., 28 (7): 1165-1171, (2005). 

34. Lin H., Hou C. C., Cheng C. F., Chiu T. H., Hsu Y. 
H., Sue Y. M., Hou H. H., Chao Y. C., Cheng T. H., 
Chao Y. C., Cheng T. H., Chen C. H., Peroxisomal 
proliferator-activated receptor-alpha protects renal 
tubular cells from doxorubicin-induced apoptosis. 
Mol Pharmacol, 72 (5): 1238-1245, (2007). 

35. Cheng C. Y., Sue Y. M., Chen C. H., Hou C C; Chan 
P; Chu Y L; Chen T H, Tetramethylpyrazine 
attenuates adriamycin-induced apoptotic injury in rat 
renal tubular cells NRK-52E. Planta Med., 72 (10): 
888-893, (2006). 

36. Mandziuk S., Sieniawska E., Dudka J., Gieroba R., 
Iwan M.,Glownaik K., Protective effect of Mutellina 
purpurea polyphenolic compounds in doxorubicin-
induced toxicity in H9C2 cardiomyocytes. Drug 
Chem Toxicol, 38 (1): 1-8, (2015). 

37. Svilaas A., Sakhi A. K., Andersen L. F., Svilaas T., 
Strom E. C., Jacobs D. R.,Ose, L., Blomhoff R., 
Intakes of antioxidants in coffee, wine and 
vegetables are correlated with plasma carotenoids 
in humans. J. Nutr., 134 (3): 562-567, (2004). 

38. Venkatesan K., Ranjan M., Beat the decay in a 
foofdy fashion. Int J Pharm Bio Sci, 6 (1): 343-348, 
(2015). 

 
 

 

 


