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Propolis, a natural beehive product, has been known for centuries for a variety of 

beneficial traditional use, such as anti-inflammatory condition, fever, peptic ulcer. This study 

aimed to elucidate the anti-inflammatory effect of the ethanolic extract of Thai propolis (EEP)  

which obtained from Chiangmai bee farm. EEP exhibited anti-inflammatory effect in carrageenan 
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Introduction

1.1    (Background and Rationale) 

 4  (pain), 

(swelling),  (redness)  (heat) (1,2)

 (acute inflammation)

 (chronic inflammation) 
(3)

1. mechanical stimulus  (trauma) 

2. chemical stimulus  toxin 

3. infectious stimulus 

microvasculature  chemical mediators 

 histamine, lysosomal compounds, prostaglandins, leukotrienes, 5-hydroxytryptamine 

(serotonin), lymphokines 



 (non steroidal anti-

inflammatory drugs)  NSAIDs 

 prostaglandins  NSAIDs 

 prostaglandins  prostaglandins 

 protective mediators 

 (precursor)  prostaglandins  leukotrienes

(4)
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1.2    (Objective) 

 1. 

   (Ethanolic Extract of Thai Propolis : EEP) 

carrageenan

 2.      inflammatory 

mediators  nitric oxide  TNF-

1.3    (Hypothesis) 

 carrageenan  nitric oxide 

pro-inflammatory cytokine  TNF-  mouse macrophage

1.4    (Research design) 

 Experimental Research 

 3



1.5    (Study design and processes) 

1.5.1

 1.5.2    2 

1.5.2.1   (in vivo)

 carrageenan 

 (volume of edema) 

 indomethacin 

  DMSO 

1.5.2.2   (in vitro)

  mouse macrophage   MTT assay  

 nitric oxide  pro-inflammatory cytokine (TNF- )

  LPS

 dexamethasone

1.6   (Anticipated benefits from the study) 

4



1.7  (Ethical Consideration) 

. . 2542 

  3Rs  (5)

  (Replacement)   

(Reduction)  (Refinement) 

1.8   (Key words) 

Thai propolis

 Anti-inflammation  
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 2 

Literature  Reviews

2.1   (Propolis) 

 PROPOLIS  PRO  before  POLIS 

 city  defender of city  propolis 

Aristotle

2.1.1  (Physical characteristic of propolis) 

 45 

 45 

2.1.2  (The composition of propolis) 

 (catalytic enzyme) 

(6,7)

 2 



 (resin)  50%,  (wax)  30%, 

 (oil)  10%,  (pollen)  5%  5%

, (8,9)

 300  cinnamic acids, benzoic acids, esters  benzoic acid, 

substituted phenolic acids, esters, flavonoids, amino acids,   wax  flavonoid 

aglycones  quercetin, kaempferol, apigenin, rhamnetin, pinocembrin, sakuranetin, chrysin, 

acacetin, galangin, kaempferide, tectochrysin 

 1000 

7



2.1.3  (pharmacological properties of 

propolis)

2.1.3.1   (antibiotic activity) 

-  (antibaterial activity) 

in vitro
 gram-posotive  gram-negtive 

 streptomycin  cloxacillin in vitro
in vitro  cell adherence  water-insoluble 

glucan formation   (10,11,12,13)  

 phenolic 

Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus 
Streptococcus faecalis    (14)

-   (antifungal activity) 

Candida albicans
 (15)  

-   (antiviral  activity) 

 (genital herpetic)  herpes 

 human immunodeficiency virus type 1 (HIV-1)  CD4+ lymphocytes  microglial 

 viral expression (16) 

8



2.1.3.2   (antioxidant activity) 

  (  peroxidation  linoleic acid

 superoxide - scavenging activity)  (17) 

 phenolic   artepilin C 

 lipid peroxidation  (18)

,

, ,  caffeic acid phenethyl ester (CAPE) 

 malodiadehyde (MDA)  malodiadehyde-

like substance,  xanthine oxidase  lipoperoxidase 

superoxide dismutase (SOD)  hepatic cytosolis superoxide dismutase 

catalase  glutathione peroxidase 
(19,20)

   

 phenolic 

 CAPE  cisplatin 

 cabontetracholride (21,22) 

2.1.3.3   (antitumor) 

  water-soluble derivative  (WSDP) 

 antimetastatic 

 WSDP (23)

 water-soluble derivative 

of proplis (WSDP),  caffeic acid (CA),  caffeic acid phenethyl ester (CAPE)  quercetin (QU) 

 apoptosis  necrosis 

 (immunomodulatory)  (24) 

9



 CAPE  (angiogenesis) 

2.1.3.4  (anti-inflammation)

 nitric oxide  glycosaminoglycans  human cartilage 

chondrocytes  IL-1   (25)

 CAPE  ischemia – reperfusion injury

oxidative stress  spinal cord tissue  CAPE 

 experimental autoimmune encephalomyelitis (EAE) (26)

 phenolic  chemiluminescence  neutrophils 

 free radical  superoxide 

 radical (27 ) 

CAPE  activity  NF- B  TNF-

 NO  activity  c-AMP responsive element binding protein (CREB) 

 organotypic hippocampal  CAPE 

 blood brain barrier (28)

 CAPE 

eicosanoid  prostaglandin  leukotriene 

in vitro  murine peritoneal macrophages in vivo  zymosan 

 expression  COX-2 (29,30)

10



2.2  (Immunity) 

 (immune response) 

 2 (31,32)

2.2.1.  (Nonspecific or innate immunity)

2.2.1.1 Physical barriers
 (cilia)

  (phagocytosis)

2.2.1.2 Phagocytosis      

 neutrophil  macrophage 

 phagocytes   (chemotaxis) 

(attachment)  (ingestion)  (intracellular digestion) 

 hydrogen peroxide (H2O2),

nitric oxide (NO), tumor necrosis factor-  (TNF- )  1

2.2.1.3 Complement System
 complement (C’s)  C1-C9 

 C9 

 2 

11



 1  phagocytosis (32)

 2   complement cascade (32) 

12



2.2.2.  (Specific or acquired immunity)

 nonspecific immunity 

  lymphocytes  (T and B lymphocytes)  

 (secondary immune response)  (primary immune 

response) 

 2 

2.2.2.1 Humoral  immune response
(antibody)  plasma cell   B lymphocyte   antibody 

 10    humoral immunity 

2.2.2.2  Cell mediated immune response      T lymphocyte  T 

helper cell cytotoxic T lymphocyte (CTL)  T helper cell

 cytotoxic T cell, B lymphocyte, natural killer (NK) cell, macrophage 

neutrophil  cytokines  interleukin-2 (IL-2)  interferon gamma (IFN-

���  cytokine  T helper cell  

 CTL 

  Cell mediated immune response 

13



 3  (specific immune system) (32)

14



 4   innate 

acquired immunity (NK = natural killer;  ROS = reactive oxygen species;  CD = cluster of 

differentiation;  Ig = immunoglobulin;  Th = T helper.) (32) 

15



2.3  (Inflammation) 

2.3.1

2.3.1.1

-  (Bacteria)

-  (Virus)

-  (Fungus)

-  (Parasite)  

2.3.1.2.

-  (infarction) 

-

-

-

16



-

 ( autoimmune)

-  (clotting factor  complement) 

 fibrin complement

2.3.2  (Acute Inflammation) 

 polymorphonuclear 

 arteriolar vessels

 (2-3 )

 precapillary sphinctors 

 (vasodilation)  endothelial cells 

 postcapillary venules  plasma proteins 

 capillary  venules  interstitial tissue  (increase vascular 

permeability)

 endothelial cells  tight junction 

zonula occludens  endothelial cells 

macromolecules  plasma  interstitial tissue 

 5  endothelial cells 

 (chemical mediators)

 mast cell  histamine 

 vascular permeability 

5-hydroxytryptamine (5HT)  serotonin, kinins, prostaglandins (PGs) 

hydroxyeicosatetraenoic acid (HETEs) 

17



 permeability  polymorphonuclear 

leukocytes (PMNs)  fibrinogen 

(chemoattractant)  PMNs  endothelium 

 (margination)  PGs  thromboxane (Tx)

 PMNs 

 chemoattractant

PMN migration  monocyte  monocyte 

migration

 macrophage,  macrophage 

(phagocytosis)  PMNs  10 
(33)

 (chronic inflammation)

 ( )

 (rheumatiod arthritis),  (osteoarthritis) 

 (gouty arthritis) 

 5  neutrophil  migrate 
(33)

18



2.3.3  (Chronic Inflammation) 

 (fibrosis)  (calcification) 

mononuclear cells  lymphocytes plasma cells histiocytes  macrophages

 (incomplete degradation protein) 

 endogenous antigen  B-cell 

 antibody  antigen  antibody  immune 

complex  complement system  C3a  C5a

chemoattractant

 macrophage, T 

 B-cell interaction  macrophage  interleukin 1 (IL-1) 

cytokine  (antigenic or mitogenic 

stimulant)  IL-1  Pre-T cell  T-cell  T-cell 

Interleukin 2 (IL-2)  T-cell (T-cell growth factor)

 (proliferation and differentiation)  T-cell 

 T-Helper cell  B-cell  antibody 

T-Suppressor cell  T-cell  B-cell  T-Cytotoxic cell 

 target cell  “self” endogenous antigen

19



 T-Helper cell, T-Suppressor cell  T-Cytotoxic cell   

   T-Cytotoxic cell 

target cell 

hydrolytic enzymes  phagocytes 

  T-leukocytes, macrophage, monocytes 

polymorphonuclear leukocytes 

 oxygen breakdown product (free radical) (34,35)

 arachidonic acid metabolites 

 (stimulus) 

 (defense mechanism)

 (low degradability and Insolubility)

 granulomas 

granuloma-inducing agents ,  (silica), carrageenan, 

 (paraffin oil),  (talc), insoluble immune complex  insoluble materials 

 granulomas 

20



 6 (36)
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2.4  (Mediators of Inflammation) 

 mediators  mediators 

2.4.1.   Histamine 

histamine

 heparin  mast cell, basophils  platelets  heparin 

chondroitin  histamine  histamine 

 Ca2+  antigen-antibody 

(  IgE)    cAMP  cGMP 

 antigen  IgE  2 

 cAMP  (  cGMP )  Ca2+  microtubules 

 microfilaments  histamine 

 cAMP  (  cGMP )

 histamine  histamine 

 (Dilation of terminal arterioles) 

 (increase permeability of post capillary venules)   

 endothelial 

2.4.2.    5-Hydroxytryptamine (5-HT) 

 (rodents)   5-HT  platelets, mast cell 

basophils

 5-HT 

 histamine

22



2.4.3.    Kinin 

 straight chain polypeptide  2   bradykinin 

lysyl bradykinin (Kallidin)  kinin  (plasma)  inactive 

precursors  kininogen (alpha-2 globulin)  kininogenase 

kininogenase  kallikrein 

 kallikrein 

kininogen  lysyl bradykinin  inflammatory agents  potency 

   bradykinin 

kininases

2.4.4. Prostaglandins (PGs) 

 arachidonic acid  cyclooxygenase 

 PGs  PGG2, PGH2, PGF2, PGE2

PGI2  thromboxane

 PGE2

  potency  PGE2

 kinin  pain receptors 

2.4.5.    Leukotrienes and hydroxy arachidonic acid products 

 arachidonic acid  5-hydroperoxyeicosatrienonic 

acid    lipoxygenase   leukotrienes  A4,

B4, C4, D4  E4   leukotrienes 

 leukotrienes B4 (LTB4)

 (chemotactic agent)  potency  leukotrienes 

23



 7  arachidonic acid metabolism pathway 

 8 arachidonic acid metabolites, eicosanoids 

× pathways

24



2.4.6.   Platelet-Activating Factor (PAF) 

PAF (1-o-alkyl-2-acetyl-sn-glyceryl-3-phosphorylcholine)  platelets 

 leukocytes 

 PAF  dexamethasone 

PAF  mediators 

 PMNs  lysosomal enzymes 

2.4.7.   Complement 

 (serum)  immune reaction C3a, C5a

 complement system  vascular permeability

 anaphylatoxins 

 anaphylaxis  1973 Willoughby  complement fraction 

 complement system  vasoactive fraction  chemical 

mediators

complement

2.4.8.   Hydrolytic enzymes 

Hydrolytic enzymes  intracellular vacuoles (lysosomes) 

 PMNs  phagocytosis  2 

2.4.8.1  pH 3-5  lysosomes 

secondary phagosomes 

(enzymes inhibitors) 

25



2.4.8.2  pH 
 pH  collagenase, elastase 

 (cartilage) 

 (rheumatoid arthritis),  (osteoarthritis) 

2.4.9.   Products from molecular of oxygen 

 superoxide  hydroxyl radicals, singlet oxygen  hydrogen 

peroxide  in vitro free 

radicals  DNA  DNA 

 DNA  free radical 

 oxidation, nitration, halogenation, deamination 

 biomolecules  lipid, carbohydrate, protein  nucleic acid  9

 free radicals 

 hydrolytic enzymes  free radicals 

 prostaglandins  mediators 
(36,37,38)

 9  reactive oxygen species  reactive nitrogen species 

 species  biomolecule (39)

26



 (Nitric oxide: NO):  macrophages 

 1 

 mediator  nitric oxide (NO) radical   mediator

 1  mediators  macrophage  (38)

Oxygen – depending killing Oxygen – independent killing 

Reactive oxygen intermediates 

O2
-        (superoxide anion) Defensins 

OH-      (hydroxyl radicals) Tumor necrosis factor 

H2O2    (hydrogen peroxide) Lysozyme 

ClO-   (hydrochloride anion) Hydrolytic enzymes 

Reactive nitrogen intermediates 

NO             (nitric oxide)  

NO2    (nitrogen dioxide)  

HNO2              (nitrous acid) 

OONO-     (peroxynitrite) 

Other

NH2Cl   (monochloramine) 

27



 10  nitric oxide (NO)  vasodilation 

 NO  nitric oxide synthase (NOS)  NOS 

isoform  eNOS, nNOS and iNOS :  expression  eNOS  nNOS 

 transcellular calcium flux  iNOS  inflammatory mediators  TNF-

 IL-1 (36) 

2.4.10.   Cytokines

 cytokine 

   cytokine  immune cell 

  cytokine 

 (synergistic)  (antagonistic)  cytokine 

 cytokine  receptor (  tyrosine kinases) 

 signal transduction cascade

28



2.4.10.1.   Pro-inflammatory  cytokine 

 pro-inflammatory  cytokine  immune cell 
(40)

2.4.10.2.  Anti-inflmmatory  cytokine   

 Anti-inflmmatory  cytokine  cytokine  inflammation 

 pro-inflammatory cytokine

 11  pro-inflammatory cytokine (40)

29



 12  Macrophage-derived cytokines  chemokines (35) 

  ( )

,

,

30



 3 

Materials  and  Methods 

3.1

3.2

3.2.1

  Wistar    100-150 

 1   25  1ºC

 12  12 

 (CP 082 mice feed) 



3.2.2

aluminum foils (Diamond, USA), autoclave tape (3M, USA), autoclave (Hirayama, 

Japan), autopipette (Gilson, France), beakers: 50 ml, 1,000 ml (Pyrex, USA), biohazard lamina-

flow hood (Science, Gelman), centrifuge, cylinders (Pyrex, USA), disposable gloves (Latex, 

USA), eppendorf (Corning, USA), ELISA microplate reader (Multiskan EX, Germany), 

evaporator,  freezer – 80o C (Sanyo, Japan), glass pipettes: 1 ml, 5 ml, 10 ml (Witeg, Germany),

hemocytometer (Boeco, Germany), hot air oven, incubator, light microscope (Olympus, Japan), 

microscope glass cover slips (Chance, England), 96 and 24 multi-well plates (Nunc, Denmark), 

parafilm (American National Can, USA), pH meter SA 520 (Orian, USA ), pipette (Falcon, 

USA), pipette tip: 1000, 200, 20 l (Molecular Bio- products, USA), plastic tube (Becton 

Dickinson), plethysmometer, reagent bottles: 50,100,250,500 and 1000 ml (Duran, Germany), 

scrapper,  sterile membrane filters (Whatman, Japan), sterile polypropylene centrifuge tube: 15 

ml, 50 ml. (Nunc, Denmark), sterile millipore 0.22 M, 0.45 M (Millex-GP, USA), refrigerator 

4oC, - 20oC (Sanyo, Japan), T- 25 and T-75 Tissue Culture flasks (Nunc, Denmark), vacuum 

pump, vortex mixer (Labnet, USA) 

Plethysmometer, (UGO BASILE 7140)

 6  2 

 electrolyte 

 volume 

transducer  (ml)  13

32



3.2.3

absolute ethanol (Merck, Germany), calcium cholide (Merck, Germany), carrageenan, 

dexamethasone, dimethyl sulfloxide (DMSO) (Sigma, USA), doxorubicin,  dulbecco’s modified 

eagle’s medium (DMEM) (Sigma, USA), fetal bovine serum (Hyclone, USA), glucose (Merck, 

Germany), , HEPES (Hyclone,USA), hydrochloric acid: (Merck, Germany), Indomethacin, L- 

glutamine (Gibco, Germany), lipopolysaccharide (Sigma, USA), MTT (Sigma, USA), 

penicillin/streptomycin (Hyclone, USA), potassium chloride (Merck, Germany), potassium 

hydrogen phosphate (Merck, Germany), potassium hydroxide (Merck, Germany), sodium 

chloride (Sigma, USA), sodium hydroxide (Merck, Germany), di-sodium hydrogen phosphate 

monobasic (Merck, Germany), sodium bicarbonate (Baker, USA), sodium hypochloride (Clorox, 

USA), 0.4 % Trypan blue dye (Sigma, USA) 

nitric oxide assay kit (Promega, USA),  Mouse TNF-  ELISA test kit (Hycult 

biotechnology)

3.3   Cell line 

 Mouse monocyte / macrophage cell line: RAW 264.7 (ATCC Number TIB-71) 

 25-cm2 cultured flasks  complete DMEM  37 oC, 97% 

humidity, 5%CO2

3.4

3.4.1

 ethanol 95%  3 

 ethanol  vacuum  

evaporator

 4 c
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 2 

 1 : in vivo
 carrageenan 

 indomethacin

 2 : in vitro
 nitric oxide  cytokine TNF-

 MTT assay

 1 : in vivo
 carrageenan 

 indomethacin 

3.4.2 ,

3.4.2.1  1% carrageenan  0.9% sodium chloride solution

  carrageenan 0.1  0.9% sodium chloride solution 

(normal saline)  10 ml 

 2 

3.4.2.2   electrolyte

 sodium chloride 1.0  1000 ml 

 (detergent) 5 ml 

3.4.2.3  indomethacin

 indomethacin parenteral injection  5 mg/kg 

indomethacin  standard solution  10 mg/ml  pipette  0.8 ml 

 normal saline  2 ml
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3.4.2.4  paw edema

 200 mg/ml, 300 mg/ml  400 

mg/ml  DMSO 

3.4.3

 carrageenan  (carrageenan 

induced - foot edema test)  (acute inflammation) 

 Winter (41)

1.  12

 bioavailability 

2.  5  8 (42)

 1 : negative control  DMSO   (intraperitoneal : ip)

 2 : positive control  indomethacin 

(intraperitoneal : ip)  5 mg/kg 

 3 :  (EEP)  200 mg/kg 

 (intraperitoneal : ip)

 4  :  (EEP)  300 mg/kg 

 (intraperitoneal : ip) 

 5  :  (EEP)  400 mg/kg 

 (intraperitoneal : ip) 

3.

4.  lateral malleolus 

5.  carrageenan  plethysmometer

6.  1% carrageenan  0.9% sodium chloride solution  0.1 ml 

 (subplantar injection)  1 

7.  carrageenan  1 

1  6 

8.
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 3.4.4    

 lateral malleolus 

 carrageenan  Vp

1  1% carrageenan  9% sodium chloride 

0.1 ml  (subcutaneous)   carrageenan 

 1  6 

indomethacin  EEP  Vd  DMSO  Vc

 (volume of edema) 

carrageenan  carrageenan

 (DMSO)   =   Vc - Vp

 (indomethacin  EEP)    =   Vd - Vp

                       %Inhibition     =    (Vc – Vp) – (Vd – Vp)   x  100 

                                                                Vc – Vp

                       %Inhibition     =     1 –   Vd – Vp      x  100 

                                                               Vc – Vp
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 13  plethysmometer 

 1% carrageenan 
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 2 : in vitro
 nitric oxide  cytokine TNF-

 MTT assay

3.4.5  macrophage cell line RAW 264.7 

 mouse macrophage cell line (RAW 264.7) 

Dulbecco’s Modified Eagles Medium (DMEM)  supplement 10% fetal bovine serum,          

2 mM glutamine, 25 mM HEPES, NaHCO3, 100 U/ml penicillin  100 g/ml streptomycin

 3.4.6  macrophage cell line (RAW264.7)  cell viability

 LPS 

macrophage cell line (RAW264.7)  DMEM (  3.4.5) 

 37  5% CO2

 3  flask  70%  flask 

 cell viability  trypan blue 

 90% 

 LPS  1x105 cells/ml  24-well plate 

 3 

  1 :  negative control :  (vehicle : 

0.05 % DMSO)

 2   :  LPS (100 ng/ml) 

  3 :  pretreated  (10-100 g/ml)

 dexamethasone 10 M  24  LPS 100 ng/ml  24 

 (EEP+LPS) (43)

 supernatant  NO  TNF -  3.4.8 

3.4.9
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3.4.7    (MTT 

assay)

 12.5, 25, 50,  100 g/ml

dexamethasone 10 M  assay

1.  RAW 264.7  1x105cells/ml  completed DMEM 

90 l  96-well plate 

2.  Incubate cells  24    37 oC, 97% humidity,   5%CO2

3.  10 l  well 

 doxorubicin

             4.  Incubate cells  48    37oC, 97% humidity, 5%CO2.

5.   MTT solution (5 mg/ml  PBS) 10 l  well

             6.  Incubate cells  3  37 oC, 97% humidity, 5%CO2.

7.  supernatant  concentrate DMSO 100 l  well 

formazan crystal. 

8.  formazan 

 570 nm   650 nm  microplate reader

9.  2 

 delta absorbance (delta OD)  %viability

                                             %viability    =        delta OD (sample)       x 100 

                                                                            delta OD (control) 

delta OD (sample) = delta absorbance

,  dexamethasone,  doxorubicin

delta OD (control)  =  delta absorbance 
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3.4.8  nitric oxide (Determination of nitric oxide 

concentration)

1.  supernatant  3.4.6  100 l  well 

Griess reagent  20 l  10   (

kit Promega Griess Reagent) 

2.  plate  microplate reader  550 nm 

3.  nitric oxide  standard sodium nitrite 

 standard curve M  nitrite 

 %inhibition 

dexamethasone  LPS 100 ng/ml 

          %inhibition      =       NO-
2 (control)  -  NO-

2 (sample)         x 100 

                                                           NO-
2 (control) 

NO-
2 (control)  =  NO-

2  LPS 100 ng/ml(positive 

control)

NO-
2 (sample)  =  NO-

2  dexamethasone 

 LPS 100 ng/ml 

*    Griess reaction  NO 

 nitrite (NO-
2)  NO 

 dinitrogen tetraoxide  nitrate 

(NO-
3)  nitrite (NO-

2)  14  NO 

  nitrite (NO-
2)  Griess reagent  azo compound 

 nitrite (NO-
2)  spectrophotometer 

 550 nm 
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 14  NO  nitrate (NO-
3)  nitrite (NO-

2)

  nitrite  Griess reaction

NED  =  N-1-napthylethylenediamine dihydrochloride 
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3.4.9  tumor necrosis factor –   (Determination of TNF – 

concentration)

 supernatant  3.4.6  100 l  TNF - 

sandwich ELISA  (  kit Hycult biotechnology  15) 

 absorbance  450 nm  automated 

microplate reader  TNF -  standard recombinant 

mouse TNF –  standard curve  pg/ml 

 %inhibition 

dexamethasone  LPS 100 ng/ml 

          %inhibition      =       TNF -   (control)  -  TNF -   (sample)         x 100 

                                                     TNF -   (control) 

TNF -   (control)   =  TNF -  LPS 100 ng/ml 

TNF -   (sample)    =  TNF - 

dexamethasone  LPS 100 ng/ml 
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 15  TNF –  sandwich ELISA 
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3.5

1.  1  %inhibition 

 indomethacin  (negative 

control)

 2  nitric oxide, TNF -  %inhibition 

 dexamethasone  (negative 

control)

2. ;

  (mean   S.E.M.) 

3.   ANOVA 

 95% (p < 0.05) 
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 4 

Results

4.1  finger print

 600 

 528  (%yield) 88% 

 GC/MS (Gas chromatography / mass spectrometry)

 0.1  1 

  flow rate 1 ml/ min  chromatogram  16

RT: 0.29 - 34.99

5 10 15 20 25 30
Time (min)

10

20

30

40
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60

70

80

90

100

R
el

at
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nd
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14.68

16.68
13.09

19.43 20.79

18.35

3.55
11.057.682.07

5.47
10.48

21.89
30.2526.0022.169.84 30.63

NL:
1.90E3
TIC F:   MS 
propolis05

 16   chromatogram



 2  gas chromatography / mass spectrometry 

(GC/MS)

O

OH

OH

O
MeO

MeO

O

O

OH

OH

O

OOH

OH

O

OOH

O
CH3

OHO
CH3

OH O

O

O

OH

OH
OH

3,4 - dimethoxycinnamic acid

chrysin

4 - hydroxymethylbenzaldehyde

dihydrochysin (galangin flavanone)  

tectochrysin pinostrobin chalcone

galangin

 17  GC/MS 

RT Chemical composition Peak Area Area % 

3.56 4-Hydroxymethylbenzaldehyde 1317 2.26 

7.67 3,4-Dimethoxycinnamic acid 2454 4.22 

13.08 Pinostrobin chalcone 4530 7.79 

14.66 Dihydrochrysin (Galangin flavanone) 12313 21.16 

16.68 Tectochrysin 7935 13.64 

18.33 Chrysin derivative 7859 13.51 

19.40 Chrysin 11407 19.61 

20.79 Galangin 10365 17.81 
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 1 : in vivo
 carrageenan 

 indomethacin

4.2

 carrageenan 

 1% carrageenan 

 5 

 1    Negative control:  DMSO  0.1 ml

 2    Positive control:  Indomethacin  5 mg/kg 

 3

200 mg/kg 

 4

300 mg/kg 

 5

400 mg/kg 

 1% carrageenan  1% carrageenan  1  6 

 (volume of edema)  %inhibition

 indomethacin 

 3  carrageenan  4 

(56.4%)  200 mg/kg 

 5  carrageenan  6 

(35.4%)  300 mg/kg 

 2  carrageenan  2 (48.2%) 

 400 mg/kg 

 5  carrageenan  5 (33.3%) 

 3 

47



 3  volume of edema  %Inhibition  1% 

carrageenan

indomethacin

Paw edema ± S.E.M.(%Inhibition) 

 1  2  3  4  5  6 

negative control 

DMSO

0.17 ± 

0.03

0.27 ± 0.03 0.35 ± 0.03 0.39 ± 

0.04

0.48 ± 

0.03

0.48 ± 

0.04

positive control 

indomethacin 5 

mg/ml

0.17 ± 

0.03

(0.0)

0.17 ± 0.03 

(37.0)

0.17 ± 0.03 

(51.4)***

0.17 ± 

0.03

(56.4)***

0.23 ± 

0.03

(52.1)***

0.24 ± 

0.03

(50.0)***

EEP 200 mg/ml 0.13 ± 

0.02

(23.5)

0.20 ± 0.04 

(25.9)

0.26 ± 0.03 

(25.7)

0.28 ± 

0.05

(28.2)

0.31 ± 

0.05

(25.4)**

0.31 ± 

0.05

(35.4)*

EEP 300 mg/ml 0.11 ± 

0.02

(35.3)

0.14 ± 0.03 

(48.2)*

0.22 ± 0.02 

(37.1)**

0.25 ± 

0.04

(35.9)*

0.30 ± 

0.05

(37.5)**

0.32 ± 

0.04

(33.3)*

EEP 400 mg/ml 0.10 ± 

0.02

(41.2)

0.20 ± 0.03 

(25.9)

0.25 ± 0.03 

(28.6)

0.30 ± 

0.02

(23.1)

0.32 ± 

0.03

(33.3)**

0.34 ± 

0.03

(29.2)*

 mean ± S.E.M,  n = 8 

* P < 0.05, ** P < 0.01, ***P < 0.001   negative control (DMSO) 
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0.0
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% Inhibition indomethacin

EEP 200

EEP 300

EEP 400

 18  carrageenan (%inhibition) 

indomethacin

0.0

10.0
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40.0

50.0

60.0

100 200 300 400

dose (mg/kg)

%inhibition

hour 1
hour 2
hour 3
hour 4
hour 5
hour 6

 19  200, 300 

 400 mg/kg  carrageenan
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 2 : in vitro
 nitric oxide  cytokine TNF-

 MTT assay

4.3

 MTT  100 g/ml

 %viability  20 

 100 g/ml  RAW 264.7 

 100 g/ml  %viability 

100.00
103.69 99.11

83.17

***
55.55

72.73

98.34

72.39

***
3.32

0.00

20.00

40.00

60.00

80.00

100.00

120.00

do
xo

rub
icin

1.5
ug

/m
l

EEP 12
.5

ug
/m

l

EEP 25
 ug

/m
l

EEP5
0 ug

/m
l

EEP 10
0 u

g/m
l

LP
S 10

0 ng
/m

l

0.0
5%

DMSO

de
xa

meth
aso

ne
10

uM
wate

r

% viability

 20  %viability 

,  LPS 100 ng/ml, 0.05%DMSO, dexamethasone 10 M,  doxorubicin 

24  %viability = 100

 mean ± S.E.M,  n = 9

 * P < 0.05, ** P < 0.01, ***P < 0.001 
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4.4

Nitric oxide (NO) 

 nitrite   7 

 1  negative control  0.05% DMSO

 2  positive control  LPS 100 ng/ml

 3  EEP 12.5 g/ml + LPS 

 4  EEP 50 g/ml + LPS 

 5  EEP 25 g/ml + LPS 

 6  EEP 100 g/ml + LPS 

  7  dexamethasone 10 M + LPS 

 negative control  NO 

base line  nitrite  2.86 ± 0.56 M  LPS 

NO  nitrite 21.24 ± 2.47 M

 LPS  EEP  25, 50  100 g/ml  NO 

 nitrite  13.60 ± 3.15 M, 6.70 ± 2.45 M  1.35 ± 0.87 M

nitrite  LPS 

 12.5 g/ml  NO 

MTT assay  100 g/ml

 NO 

 100 g/ml  nitrite  (1.35 ± 0.87 M)  base line  negative 

control    (2.86 ± 0.56 M)

 100 g/ml  45%  nitrite 

 100 g/ml
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  dexamethasone 

 nitrite   2.87 ±  1.32 M

25  50 g/ml  NO  dexamethasone 10 M

  21  22 

 4  dexamethasone

 NO  NO2
-  %inhibition

    NO2
- ( M) %inhibition 

0.05% DMSO   2.86 ± 0.57  *** - 

EEP 12.5 g/ml + LPS 23.24 ± 2.59 -9.9 ± 3.59 

EEP 25 g/ml + LPS 13.60 ± 3.16  ** 38.9 ± 9.27 

EEP 50 g/ml + LPS   6.70 ± 2.45  *** 71.6 ± 8.78 

EEP 100 g/ml + LPS   1.35 ± 0.87  *** - 

dexamethasone 10 M + LPS   2.87 ± 1.32  *** 87.7 ± 4.72 

LPS 100 ng/ml 21.24 ± 2.47 - 

 mean ± S.E.M.,  n = 5

* P < 0.05, ** P < 0.01, ***P < 0.001  positive control(LPS 100 

ng/ml)
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21.24

***
2.86

***
2.87***

1.35

***
6.70

**
13.60

23.24

0.00

5.00

10.00

15.00

20.00

25.00

30.00

EPE 12.5 ug/ml EPE 25 ug/ml EPE 50 mg/ml EPE 100mg/ml dexamethasone

10 uM

LPS 0.05%DMSO

Nitrite (uM)

   

 21  nitrite 

 dexamethasone 10 M

n = 5 * P < 0.05, ** P < 0.01, ***P < 0.001  positive control (LPS 100 ng/ml) 

LPS 100 ng/ml
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-9.9

38.9

71.6

87.7

-20.0

0.0

20.0

40.0

60.0

80.0

100.0 %Inhibition

 22  NO (%inhibition) 

 12.5, 25  50 g/ml  dexamethasone 10 M

EEP 12.5 g/ml EEP 25 g/ml EEP 50 g/ml Dexamethasone 10 M
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EEP12.5

EEP 25

EEP 50
y = 58.799Ln(x) - 155.76

R2 = 0.9872

-20

-10

0

10

20

30

40

50

60

70

80

90

100

10 10
0

concentration (ug/ml)

%inhibition

 23

12.5, 25  50 g/ml  NO (%inhibition)

 23  dose – dependent curve  IC50

IC50 =  NO 

 50 %

 Y  =  50%  y = 58.799ln(x) – 155.76  X   IC50

 IC50 = 33.1 g/ml

     33.1 g/ml

 NO  LPS 100 ng/ml  50 % 
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4.5  TNF - 

 TNF –  6 

 1  negative control  0.05% DMSO

 2  positive control  LPS 100 ng/ml

 3  EEP 12.5 g/ml + LPS 

 4  EEP 25 g/ml + LPS 

 5  EEP 50 g/ml + LPS 

 6  dexamethasone 10 M + LPS 

 negative control  TNF – 

 base line  TNF –  198.83  ± 29 pg/ml  LPS 

 TNF –  27,468.83 ± 5483 pg/ml 

 LPS  EEP  25  50 g/ml  TNF – 

pg/ml 16,046.83 ± 3627  4,255.20  ± 2381pg/ml  TNF – 

 LPS 

 12.5 g/ml  TNF – 

 5  dexamethasone

 TNF -  %inhibition 

 TNF -   (pg/ml) %inhibition 

0.05% DMSO      198.83  ± 29      *** - 

EEP 12.5 g/ml + LPS 30,489.83  ± 6428  -11.0 ± 23.3 

EEP 25 g/ml + LPS  16,046.83 ± 3627  *  41.6 ± 13.1 

EEP 50 g/ml + LPS   4,255.20  ± 2381  *** 84.5 ± 8.6 

dexamethasone 10 M + LPS    2,145.84 ± 501    *** 92.2 ± 1.6 

LPS 100 ng/ml   27,468.83 ± 5483 - 

 mean ± S.E.M.,  n = 6

* P < 0.05, ** P < 0.01, ***P < 0.001 positive control(LPS 100 ng/ml) 
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40,000

EPE 12.5 ug/ml EPE 25 ug/ml EPE 50 ug/ml Dexamethasone

10 uM

LPS 0.05%DMSO

TNF-a (pg/ml)

 24  TNF - 

 dexamethasone 10 M

n = 6   * P < 0.05, ** P < 0.01, ***P < 0.001  positive control (LPS 100 ng/ml) 

LPS 100 ng/ml 
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 25  TNF -  (%inhibition) 
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EEP 50

EEP 25

EEP 12.5

y = 68.894Ln(x) - 183.4
R2 = 0.9966
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 26  dose – dependent curve  IC50
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-  50 %

 Y  =  50%  y = 68.894ln(x) – 183.4  X   IC50

 IC50 = 29.60 g/ml

   29.60 g/ml

 TNF -  LPS 100 ng/ml  50 % 
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 5 

Discussion and Conclusion 

 (Propolis)  (bee glue) 

 (pathogen 

microorganisms)   “chemical weapon” 

( , , )

 (anti-inflammation) 

(44,45,46)

 propolis   (%yield)  88%

(fingerprint)   gas chromatography / mass spectrometry 

 flavonoid 6  pinostrobin chalcone, tectochrysin, chrysin derivative, galangin, 

chrysin  dihydrochrysin (galangin flavanone)  4-

hydroxymethylbenzaldehyde, 3,4-dimethoxycinnamic acid 

 flavonoid  4  kaempferol, 

galangin, 3,3 - dimethoxyquercetin  3- methoxykaempferol (47)



 3 

  chrysin  chrysin 

 (acute inflammation) 

 (chronic inflammation)

 2  inflammation stimulation factor  physical ( , ,

), chemical factor ( ), biochemical factor (microorganisms, 

parasites, endotoxins, transplant heterogeneity animal toxins )  inflammatory 

mediators  histamine, bradykinin, prostaglandin, platelet activation factor, neutrophils 

hydrolase, inflammation prestimulation factors (TNF- , IL-1, IL-6, cell chemotaxis factor 

), adherence cell (select element, conformity element, adherence cell between cells, blood 

vessel cell adherence cell),  acute reaction protein (48)

 carrageenan (carrageenan - induced rat paw edema) 

 carrageenan  

 mediators  cytokines  (  1 – 2 

) carrageenan  histamine, leukotrienes, platelet activating 

factor, prostaglandins, bradykinin  4 – 24  (delayed phase)  

carrageenan  neutrophil infiltration  neutrophil derived free 

radical  hydrogen peroxide, superoxide  hydroxyl radicals  neutrophil 

derived mediators (49, 50)

 (acute inflammation) 

 1% carrageenan  normal saline 

 carrageenan 

 carrageenan  1  6 

 200, 300  400 mg/kg, ip.

 DMSO 

 5, 2  5  300 

mg/kg

 2 
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 200  400 mg/kg 

  indomethacin

 56.4 %  17 

 MTT 

 100 g/ml

 %viability  55.55% ( )

 100 g/ml

macrophage  12.5, 25  50 g/ml

 12.5 – 50 g/ml

 NO  TNF-

 macrophage 

 macrophage  lipopolysaccharide (LPS)  IFN – 

 TNF - , IL-1 , IL-6, ROS,  nitric oxide (NO) (51)

lipopolysaccharide (LPS)  gram-

negative  recognized 

LPS  LPS  interaction  toll-like receptor (TLR4) 

transcription factors  NF- B  TNF- , IL-1 , IL-6, NO 

TNF-  cytokine 

 tissue injury, organ dysfunction  potentially death 

 pro-inflammatory mediators 

 TNF-  NO 

 mediators  LPS

 NO 

 25, 50 g/ml  NO  macrophage 

LPS 100 ng/ml  (%inhibition = 38.9 ± 9.27  71.6 ± 8.78 )

 NO  dexamethasone (%inhibition = 87.7 ± 4.72)

 12.5 g/ml
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NO  NO  NO 

 LPS (  NO2
-= 23.24 ± 2.59   LPS  NO2

-= 21.24 ± 2.47)

 NO  50% (IC50)  33.1 

g/ml  TNF-

  25, 50 g/ml (%inhibition = 41.6 ± 13.0  84.5 ± 8.6 )

 dexamethasone (%inhibition = 92.2 ± 1.6) 

 12.5 g/ml   TNF-

 TNF-  LPS (  12.5 g/ml

TNF-   = 30,489.83 ± 6428   LPS   TNF-   = 27,468.83 ± 5483)

 TNF-

50% (IC50)  29.60 g/ml

TNF-  NO 

 pro-inflammatory cytokine  TNF-

 phospholipase A2, cyclooxygenase–2, iNOS 

 cytokine 

TNF-  11 

 NO 

 (in vivo)

 200, 300,  400 mg/kg  1% 

carrageenan  (in vitro)

 25  50 g/ml  NO  TNF – 

 macrophage  LPS 100 ng/ml

in vivo in vitro

 NO  TNF-

(25, 50 g/ml)   12.5 g/ml  mediators 
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 (immunostimulation) 

1.

2.  arachidonic acid 

metabolism  cyclooxygenase (COX) 

 NSAIDs 

3.  anti-inflammatory cytokine  IL-4, IL-10, IL13 

 pro-inflammatory cytokine  TNF – 
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 6  carrageenan  DMSO 

 1  2  3  4  5  6  7  8  % Inhibition 

 (g) 128 130 140 129 122 130 119 1.38 - - 

 (ml) 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 - - 

Paw volume  0  1.16 1.08 0.97 1.00 1.08 1.16 1.19 1.26 - - 

Paw volume 1.25 1.11 1.30 1.24 1.23 1.36 1.37 1.43 - 
 1 

Volume of edema 0.09 0.03 0.33 0.24 0.15 0.20 0.18 0.17 0.17 
-

Paw volume 1.37 1.15 1.39 1.29 1.33 1.44 1.54 1.52 - 
 2 

Volume of edema 0.21 0.07 0.42 0.29 0.25 0.28 0.35 0.26 0.27 
-

Paw volume 1.40 1.26 1.43 1.45 1.49 1.46 1.52 1.67 - 
 3 

Volume of edema 0.24 0.18 0.46 0.45 0.41 0.30 0.33 0.41 0.35 
-

Paw volume 1.51 1.34 1.54 1.52 1.53 1.42 1.52 1.60 - 
 4 

Volume of edema 0.35 0.26 0.57 0.52 0.45 0.26 0.33 0.34 0.39 
-

Paw volume 1.62 1.62 1.55 1.58 1.60 1.51 1.57 1.68 - 
 5 

Volume of edema 0.46 0.54 0.58 0.58 0.52 0.35 0.38 0.42 0.48 
-

Paw volume 1.62 1.40 1.64 1.54 1.63 1.49 1.68 1.70 - 
 6 

Volume of edema 0.46 0.32 0.67 0.54 0.55 0.33 0.49 0.44 0.48 
-
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 7  carrageenan  indomethacin 5 mg/kg 

 1  2  3  4  5  6  7  8  % Inhibition 

 (g) 136 117 126 113 114 114 122 1.29 - - 

 (ml) 0.07 0.06 0.07 0.06 0.114 0.114 0.122 0.129 - - 

Paw volume  0  1.02 0.97 0.94 0.96 1.17 1.25 1.13 1.25 - - 

Paw volume 1.32 1.05 1.04 1.08 1.47 1.37 1.23 1.47 - 
 1 

Volume of edema 0.30 0.08 0.10 0.12 0.30 0.12 0.10 0.22 0.17 
0.0

Paw volume 1.32 1.00 1.05 1.03 1.44 1.45 1.29 1.46 - 
 2 

Volume of edema 0.30 0.03 0.11 0.07 0.27 0.20 0.16 0.21 0.17 
37.0

Paw volume 1.31 1.00 1.18 1.08 1.35 1.38 1.22 1.49 - 
 3 

Volume of edema 0.29 0.03 0.24 0.12 0.18 0.13 0.09 0.24 0.17 
51.4

Paw volume 1.42 1.02 1.12 1.16 1.30 1.35 1.24 1.46 - 
 4 

Volume of edema 0.40 0.05 0.18 0.20 0.13 0.10 0.11 0.21 0.17 
56.4

Paw volume 1.41 1.09 1.10 1.23 1.33 1.42 1.33 1.58 - 
 5 

Volume of edema 0.39 0.12 0.16 0.27 0.16 0.17 0.20 0.33 0.23 
52.1

Paw volume 1.43 1.03 1.20 1.07 1.44 1.49 1.41 1.54 - 
 6 

Volume of edema 0.41 0.06 0.26 0.11 0.27 0.24 0.28 0.29 0.24 
50.0
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 8  carrageenan  EEP 200 mg/kg 

 1  2  3  4  5  6  7  8  % Inhibition 

 (g) 133 128 140 128 125 116 1.26 120 - - 

 (ml) 0.14 0.13 0.14 0.13 0.125 0.116 0.126 0.12 - - 

Paw volume  0  1.03 0.97 0.85 0.82 1.18 - 1.25 1.33 - - 

Paw volume 1.15 1.12 1.04 1.05 1.28 - 1.29 1.42 - 
 1 

Volume of edema 0.12 0.15 0.19 0.23 0.10 - 0.04 0.09 0.13 
23.5

Paw volume 1.20 1.07 1.08 1.06 1.54 - 1.29 1.60 - 
 2 

Volume of edema 0.17 0.10 0.23 0.24 0.36 - 0.04 0.27 0.20 
25.9

Paw volume 1.24 1.16 1.13 1.17 1.62 - 1.44 1.51 - 
 3 

Volume of edema 0.21 0.19 0.28 0.35 0.44 - 0.19 0.18 0.26 
25.7

Paw volume 1.35 1.12 1.10 1.16 1.71 - 1.36 1.59 - 
 4 

Volume of edema 0.32 0.15 0.25 0.34 0.53 - 0.11 0.26 0.28 
28.2

Paw volume 1.23 1.16 1.10 1.20 1.79 - 1.46 1.63 - 
 5 

Volume of edema 0.20 0.19 0.25 0.38 0.61 - 0.21 0.30 0.31 
35.4

Paw volume 1.27 1.13 1.05 1.20 1.73 - .1.52 1.70 - 
 6 

Volume of edema 0.24 0.16 0.20 0.38 0.55 - 0.27 0.37 0.31 
35.4
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 9  carrageenan  EEP 300 mg/kg 

 1  2  3  4  5  6  7  8  % Inhibition 

 (g) 143 143 130 140 125 135 1.25 1.29 - - 

 (ml) 0.15 0.15 0.13 0.14 0.125 0.135 0.125 0.129 - - 

Paw volume  0  1.08 0.96 1.08 1.07 1.20 1.29 1.20 1.11 - - 

Paw volume 1.20 1.15 1.13 1.14 1.24 1.40 1.27 1.30 - 
 1 

Volume of edema 0.12 0.19 0.05 0.07 0.04 0.11 0.07 0.19 0.11 
35.3

Paw volume 1.20 1.14 1.13 1.05 1.22 1.43 1.41 1.37 - 
 2 

Volume of edema 0.12 0.18 0.05 - 0.02 0.14 0.21 0.26 0.14 
48.2

Paw volume 1.36 1.24 1.18 1.21 1.41 1.50 1.42 1.45 - 
 3 

Volume of edema 0.28 0.28 0.10 0.14 0.21 0.21 0.22 0.34 0.22 
37.1

Paw volume 1.29 1.32 1.20 1.29 1.36 1.48 1.45 1.59 - 
 4 

Volume of edema 0.21 0.36 0.12 0.22 0.16 0.19 0.25 0.48 0.25 
35.9

Paw volume 1.33 1.26 1.19 1.28 1.43 1.62 1.51 1.73 - 
 5 

Volume of edema 0.25 0.30 0.11 0.21 0.23 0.33 0.31 0.62 0.30 
37.5

Paw volume 1.26 1.38 1.24 1.36 1.50 1.61 1.56 1.67 - 
 6 

Volume of edema 0.18 0.42 0.16 0.29 0.30 0.32 0.36 0.56 0.32 
33.3
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 10  carrageenan  EEP 400 mg/kg 

 1  2  3  4  5  6  7  8  % Inhibition 

 (g) 136 124 1.32 124 113 130 130 124 - - 

 (ml) 0.14 0.13 0.14 0.13 0.113 0.13 0.13 0.124 - - 

Paw volume  0  1.03 1.04 1.04 1.04 1.07 1.15 1.14 1.12 - - 

Paw volume 1.21 1.05 1.10 1.12 1.15 1.28 1.23 1.32 - 
 1 

Volume of edema 0.18 0.01 0.06 0.08 0.08 0.13 0.09 0.20 0.10 
41.2

Paw volume 1.40 1.16 1.20 1.12 1.28 1.27 1.31 1.47 - 
 2 

Volume of edema 0.37 0.12 0.16 0.08 0.21 0.12 0.17 0.35 0.20 
25.9

Paw volume 1.42 1.25 1.25 1.23 1.35 1.26 1.41 1.44 - 
 3 

Volume of edema 0.39 0.21 0.21 0.19 0.28 0.11 0.27 0.32 0.25 
28.6

Paw volume 1.42 1.32 1.24 1.29 1.38 1.42 1.55 1.38 - 
 4 

Volume of edema 0.39 0.28 0.20 0.25 0.31 0.27 0.41 0.26 0.30 
23.1

Paw volume 1.50 1.28 1.29 1.26 1.37 1.40 1.58 1.48 - 
 5 

Volume of edema 0.47 0.24 0.25 0.22 0.30 0.25 0.44 0.36 0.32 
33.3

Paw volume 1.59 1.26 1.28 1.37 1.42 1.48 1.57 1.14 - 
 6 

Volume of edema 0.56 0.22 0.24 0.33 0.35 0.33 0.43 0.29 0.34 
29.2
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 11  dexamethasone

%viability

n1 n2 n3 n4 n5 n6 n7 n8 n9 
mean SD SE 

doxorubicin 1.5 g/ml - - 1.32 0.13 2.96 9.32 - 3.14 3.03 3.32 3.16 1.29 

EEP 12.5 g/ml 122.96 124.37 111.40 110.62 97.43 82.05 92.40 91.50 100.51 103.69 14.58 4.86 

EEP 25 g/ml 135.78 119.95 92.00 108.06 93.09 71.90 91.08 83.52 96.59 99.11 19.37 6.46 

EEP 50 g/ml 107.88 113.79 82.35 99.06 91.60 52.87 66.78 61.33 72.87 83.17 21.34 7.11 

EEP 100 g/ml 79.44 84.39 61.84 94.09 59.16 42.42 30.25 22.76 25.62 55.55 26.75 8.92 

LPS 100 ng/ml 61.55 79.36 77.52 90.32 73.53 62.45 59.39 81.24 69.17 72.73 10.43 3.48 

0.05%DMSO 113.48 97.05 97.15 99.73 96.59 94.80 93.97 95.30 96.94 98.34 5.92 1.97 

dexamethasone 10 M - - - - 64.35 64.95 81.78 74.11 76.75 72.39 7.58 3.39 

water 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 0.00 0.00 
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 27  standard curve  sodium nitrite (NaNO2)

y = 0.0113x + 0.0633
R2 = 1

0.000

0.200

0.400
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0.800

1.000

1.200

1.400

0 20 40 60 80 100 120

Concentration (ug/ml)

Absorbance
AbsorbanceConcentration NO2

-

( M) 1 2 
Average

100 1.153 1.231 1.192 

50 0.620 0.628 0.624 

25 0.339 0.348 0.344 

12.5 0.205 0.200 0.203 

6.25 0.133 0.132 0.133 

3.13 0.100 0.099 0.100 

1.56 0.082 0.082 0.082 

0 0.067 0.066 0.067 
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 12  NO-
2  Griess  dexamethasone

NO-
2 ( M)

n1 n2 n3 n4 n5 
SD SEM

0.05% DMSO 3.11 2.97 2.40 1.16 4.68 2.86 1.27 0.57 

EEP 12.5 g/ml 17.71 32.10 21.44 19.22 25.74 23.24 5.8 2.59 

EEP 25 g/ml 6.39 21.26 13.54 6.72 20.09 13.60 7.07 3.16 

EEP 50 g/ml 1.75 12.40 6.70 0.69 11.94 6.70 5.49 2.45 

EEP 100 g/ml -0.10 3.85 0.47 -0.47 3.01 1.35 1.95 0.87 

LPS 100 ng/ml 16.39 28.46 17.67 17.76 25.93 21.24 5.53 2.47 

dexamethasone 10 M 0.91 2.67 1.66 1.08 8.01 2.87 2.96 1.32 
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 13  nitric oxide  dexamethasone 

%inhibition

n1 n2 n3 n4 n5 
SD SEM 

EEP 12.5 g/ml -8.1 -12.8 -21.3 -8.2 0.7 -9.9 8.03 3.59 

EEP 25 g/ml 61.0 25.3 23.4 62.2 22.5 38.9 20.8 9.27 

EEP 50 g/ml 89.3 56.4 62.1 96.1 53.9 71.6 19.7 8.78 

dexamethasone 10 M 94.4 90.6 90.6 93.9 69.1 87.7 10.6 4.72 
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 28  standard curve  TNF - 

Standard curve of TNF 

y = 0.0017x + 0.3582
R2 = 0.9974

0.00

0.50

1.00
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2.00

0 200 400 600 800 1000

concentration

Abs AbsorbanceConcentration

TNF –  (pg/ml) 1 2 

Average

320 0.844 0.891 0.868 

128 0.569 0.577 0.573 

51 0.533 0.453 0.493 

20 0.377 0.383 0.380 

8 0.357 0.387 0.372 

0 0.342 0.346 0.344 
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 14  TNF -  %inhibition  dexamethasone

 1  2 
group

n1 n2 n3 n4 n5 n6 
Average SD SE %inhibition 

EPE 12.5 g/ml 51,562.00 46,485.00 15,965.00 33,000.00 19,971.00 15,956.00 30,489.83 15742 6428 -11.0 

EPE 25 ug/ml 20,160.00 19,544.60 10,150.40 30,294.00 8,382.00 7,750.00 16,046.83 8882 3627 41.6 

EPE 50 g/ml 2,097.73 2,108.12 1,942.35 16,103.00 2,456.00 824.00 4,255.20 5831 2381 84.5 

Dexamethasone 10 M 1,872.92 2,024.85 1,314.27 4,074.00 2,971.00 618.00 2,145.84 1226 501 92.2 

LPS 100 ng/ml 39,735.00 44,331.00 11,292.00 32,779.00 20,588.00 16,088.00 27,468.83 13428 5483 - 

0.05%DMSO 142.35 214.27 93.69 281.62 195.03 266.03 198.83 72 29 - 
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 29  chromatogram  GC/MS

Ethanol extract of propolis 0.1 g  in  methanol  1  ml, inject 1 l to GC/MS (Trace GC Finnigan, 

Polaris Q MS) 

Column BPX5 30m x 0.25 mm x 0.25 m

Column temp 150 C ramp 10 C/ min to 250 C hold 35 min 

Injector temp 300 C

Carrier gas He flow rate 1 ml/ min 

MS scan 40.00-650.00 m/z 

RT: 0.29 - 34.99
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14.68

16.68
13.09

19.43 20.79

18.35

3.55
11.057.682.07

5.47
10.48

21.89
30.2526.0022.169.84 30.63

NL:
1.90E3
TIC F:   MS 
propolis05

 15  EEP  GC/MS 

Rt Chemical composition Peak Area Area % 

3.56 4-Hydroxymethylbenzaldehyde 1317 2.26 

7.67 3,4-Dimethoxycinnamic acid 2454 4.22 

13.08 Pinostrobin chalcone 4530 7.79 

14.66 Dihydrochrysin (Galangin flavanone) 12313 21.16 

16.68 Tectochrysin 7935 13.64 

18.33 Chrysin derivative 7859 13.51 

19.40 Chrysin 11407 19.61 

20.79 Galangin 10365 17.81 
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 30  Mass spectrum  EEP  Rt  3.56 
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517.86372.89235.11192.03 330.14

Rt Name SI Library Formula 

3.56 Benzene, 1-(bromomethyl)-3-nitro- 481 replib C7H6BrNO2 

3.56 2-Hydroxy-3-methylbenzaldehyde 547 mainlib C8H8O2 

3.56 Benzaldehyde, 2-hydroxy-6-methyl- 557 mainlib C8H8O2 

 31  Mass spectrum  EEP  Rt  7.67 
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Rt Name SI Library Formula 

7.67 trans-2,3-Methylenedioxy-b-methyl-b-nitrostyrene 382 mainlib C10H9NO4 

7.67 trans-3-Methoxy-b-methyl-b-nirostyrene 394 mainlib C10H11NO3 

7.67 Benzaldehyde, 4-(1-methylethyl)- 425 replib C10H12O 
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 32  Mass spectrum  EEP   Rt  13.08 
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m/z

0

20

40

60

80

100

R
el

at
iv

e 
A

bu
nd

an
ce

270.08193.09

138.0495.01
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Rt Name SI Library Formula 

13.08 1H-Benzimidazole, 1,2-diphenyl- 439 mainlib C19H14N2 

13.08 Physcion-10,10'-bianthrone 489 mainlib C32H26O8 

13.08 2-Propen-1-one, 1-(2,6-dihydroxy-4-methoxyphenyl)-3-phenyl-, (E)- 758 mainlib C16H14O4 

 33  Mass spectrum  EEP  Rt 14.66 
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Rt Name SI Library Formula 

14.66 2-Methylaminomethyl-5-nitrobenzophenone 334 replib C14H12N2O3 

14.66 Indolo[2,3-a]quinolizin-2-ol, 1,2,3,4,6,7,12,12b-octahydro-2-methyl-, 

trans-

345 mainlib C16H20N2O 

14.66 4H-1-Benzopyran-4-one, 2,3-dihydro-5,7-dihydroxy-2-phenyl-, (S)- 725 mainlib C15H12O4 
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 34  Mass spectrum  EEP  Rt 16.68 
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Rt Name SI Library Formula 

16.68 p-Anisaldehyde, azine 349 mainlib C16H16N2O2 

16.68 4H-1-Benzopyran-4-one, 3-hydroxy-7-methoxy-2-phenyl- 388 replib C16H12O4 

16.68 4H-1-Benzopyran-4-one, 5-hydroxy-7-methoxy-2-phenyl- 635 mainlib C16H12O4 

 35   Mass spectrum  EEP  Rt 18.33 
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Rt Name SI Library Formula 

18.33 Chrysin 450 replib C15H10O4 

18.33 Chrysin 486 replib C15H10O4 

18.33 [1,1'-Biphenyl]-4-carboxylic acid, 2',4'-dimethyl-, ethyl ester 488 mainlib C17H18O2 
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 36  Mass spectrum  EEP   Rt 19.40 
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Rt Name SI Library Formula 

19.40 4H-1-Benzopyran-4-one, 5,7-dihydroxy-3-phenyl- 518 mainlib C15H10O4 

19.40 Chrysin 726 replib C15H10O4 

19.40 Chrysin 734 mainlib C15H10O4 

 37  Mass spectrum  EEP  Rt 20.79 
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Rt Name SI Library Formula 

20.79 9,10-Anthracenedione, 1,5-dihydroxy-3-(hydroxymethyl)- 401 mainlib C15H10O5 

20.79 9,10-Anthracenedione, 1,8-dihydroxy-3-(hydroxymethyl)- 470 mainlib C15H10O5 

20.79 4H-1-Benzopyran-4-one, 3,5,7-trihydroxy-2-phenyl- 605 mainlib C15H10O5 
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