
 
 
 
 
 
 
 

 

 
 
 

 



 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 



 
 

 
 

 ---------------------------------------------------------------------------------------------------- 1 

1  RAW264.7 lipopolysaccharide

hydroxytyrosol  ----------------------------------------------- 3 

 ------------------------------------------------------------------------------------------------- 4 

 ------------------------------------------------------------------------------------- 6 

 ------------------------------------------------------------------------------------------------ 10 

 ------------------------------------------------------------------------------------------------ 12 

 ------------------------------------------------------------------------------------------------ 15 

 ------------------------------------------------------------------------------------------------ 16 

2  inhibitor hydroxytyrosol

 --------------------------------------------------------------------------------------------------------- 23 

 ------------------------------------------------------------------------------------------------ 24 

 ------------------------------------------------------------------------------------ 26 

 ------------------------------------------------------------------------------------------------ 28 

 ------------------------------------------------------------------------------------------------ 30 

 ------------------------------------------------------------------------------------------------ 33 

 ------------------------------------------------------------------------------------------------ 34 

3  hydroxytyrosol

 ------------------------------------------------------------------------------------------------------ 39 

 ------------------------------------------------------------------------------------------------ 40 



 
 

 ------------------------------------------------------------------------------------ 41 

 ------------------------------------------------------------------------------------------------ 47 

 ------------------------------------------------------------------------------------------------ 49 

 ------------------------------------------------------------------------------------------------ 51 

 ------------------------------------------------------------------------------------------------ 52 

4  Hydroxytyrosol  -------- 59 

 ------------------------------------------------------------------------------------------------ 60 

 ------------------------------------------------------------------------------------ 62 

 ------------------------------------------------------------------------------------------------ 65 

 ------------------------------------------------------------------------------------------------ 66 

 ------------------------------------------------------------------------------------------------ 68 

 ------------------------------------------------------------------------------------------------ 69 

 --------------------------------------------------------------------------------------------------- 74 

 --------------------------------------------------------------------------------------------------- 77 

 --------------------------------------------------------------------------------------------- 78 

 



 
 

 ( ) 
 

AP-1 activator protein 1, 1 
COX-2 cyclooxygenase-2, -2 
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IL interleukin,  
iNOS inducible NO synthase, NO  
JNK c-jun N-terminal kinase, c-Jun N  
LDA low-dose aspirin,  
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(16, 17)  

HT

 (4–12, 18)    

 (12) HT LPS

iNOS NO

HT NF-κB NO

Zhang  (19) HT

THP-1 LPS NF-κB

2

HT  (80 μM 100 μM) HT

100 μM HT NF-κB

LPS  

LPS NF-κB

p44/42 mitogen-activated protein kinase (ERK1/2) 

LPS  (20, 21) HT

 

RAW264.7 LPS

HT
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HT  ( )  >98.0% HT

 ( ) 100 mg/mL

–80 °C  

LPS  ( ) LPS

 ( ) 1 mg/mL –80 °C

 

HT LPS 10%  (

) ( )  

 
 

1. HT RAW 264.7  

RAW264.7 (DS Pharma Biomedical, Co., Ltd., 

) 10 cm

37 5.0% CO2 CO2

0.5–1.05/well 3

4 1 12  

24-well

2×106/well 2

HT 0–50 μg/mL
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CO2 24

 (LABOSPECT006 ) 

lactate dehydrogenase (LDH)  

 

2. Real-time RT-PCR (RRT-PCR)  

12-well 2×106/well RAW264.7 2

1) 2) LPS 0.25 

μg/mL 3) LPS 0.25 μg/mL + HT (1.56–12.5 μg/mL) well

CO2  

3 24 RNeasy® Mini Kit (QIAGEN, Venlo, 

Netherlands) total RNA

cDNA QuantiTectTM Reverse Transcription Kit (QIAGEN) 1

1 μg total RNA  (42 °C 15

95 °C 3 ) Real-time RT-PCR (RRT-PCR) cDNA QuantiFast SYBR® 

Green PCR (QIAGEN) AriaMx (Agilent Technologies, Santa Clara, CA, USA) 

 (QuantiTectTM Primer Assays, QIAGEN) Table 

1 PCR 95 °C 5 95 °C 10 60 °C

30 40  (Ct) 

Ct

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 

MIQE  (22) 
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3. NO PGE2 TNF-α IL-1β COX-2  

2 24

NO PGE2 TNF-α IL-1 Nitric Oxide (total), detection kit 

(Enzo Life Sciences, Farmingdale, NY, USA) Prostaglandin E2 ELISA Kit (Abcam, 

Cambridge, UK) Mouse TNF alpha SimpleStep ELISA® Kit (Abcam) IL-1 beta 

Mouse SimpleStep ELISA® Kit (Abcam) 

COX-2 Mouse COX2 SimpleStep ELISA® Kit (Abcam) PGE2

TNF-α IL-1 COX-2 ELISA NO Griess

 (23)  

 

4. Western blotting  

2  15 NF-κB (pNF-κB) 

ERK1/2 (pERK1/2) 6 iNOS

Western Blotting  

Mini-PROTEAN TGX Precast Gels (Bio-Rad, Hercules, CA, USA) 

SDS-PAGE Trans-Blot Turbo Transfer Pack 

(Bio-Rad) polyvinylidene difluoride (PVDF) 

0.3% Tris Buffered Saline with Tween 20 

(TBS-T) ( ) 4 °C 24

NF-κB pNF-κB ERK1/2

pERK1/2 iNOS (Cell Signaling Technology, Danvers, MA, USA) 0.3%

TBS-T 1,000 1 TBS-T
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3 Anti-rabbit IgG, HRP-linked Antibody (Cell Signaling 

Technology) 0.3% TBS-T 1,000 1

TBS-T 3 SuperSignalTM West Pico (Thermo Scientific, 

Waltham, MA, USA) 

LAS-3000 ( ) 

anti-β-Actin HRP-DirecT (Medical & Biological Laboratories, Co., Ltd., 

) β- , Quantity 

One version 4.5 (Bio-Rad) β-

 

 

 

 ±  (S.E.) 

5%

SAS (SAS Institute Inc., Cary, NC, USA) EXSUS (

CAC )  
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1. RAW264.7 HT  

RAW264.7 HT (0–50 μg/mL) 

LDH

25 μg/mL LDH  (Fig. 2)

0–12.5 μg/mL

 

 

2. RAW264.7  

LPS (0.25 μg/mL) RAW264.7 HT

 (12) 

RAW264.7 LPS (0.25 μg/mL) HT (0–12.5 μg/mL) 3

24  

3 LPS (0.25 μg/mL) 

iNOS COX-2 TNF-α IL-1β IL-6 NF-κB

IL-10 HT LPS

TNF-α IL-1β 1.56–12.5 μg/mL

 (Fig. 3)  

24 LPS (0.25 μg/mL) 

iNOS COX-2 IL-1β IL-6 TNF-α, 

NF-κB IL-10 LPS HT LPS
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iNOS COX-2 IL-1β 12.5 μg/mL 1.56–

12.5 μg/mL 1.56–12.5 μg/mL  (Fig. 4)  

 

3. RAW264.7 NO PGE2 TNF-α IL-1β

COX-2  

LPS (0.25 μg/mL) RAW264.7

NO PGE2 TNF-α IL-1β LPS NO PGE2

IL-1β 3.13–12.5 μg/mL 1.56–12.5 μg/mL 3.13–12.5 

μg/mL HT LPS TNF-α

HT COX-2 LPS

LPS COX-2 HT

 (Fig. 5)  

 

4. RAW264.7 NF-κB  

Western blotting LPS RAW264.7 HT

15 pNF-κB pERK1/2 6

iNOS LPS (0.25 μg/mL) 

pNF-κB pERK1/2 iNOS LPS pNF-κB

iNOS 12.5 μg/mL HT

pERK1/2 HT  (Fig. 6)  
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in vitro

RAW264.7 HT LPS 

 

HT RAW264.7 LPS NF-κB TNF-α

IL-1β COX-2-PGE2 iNOS-NO TLR4 LPS

NF-κB

 (24, 25) IL-1β TNF-α

 (26–28) iNOS COX-2

IL-1β TNF-α  (29–31)

HT TNF-α IL-1β

 (Fig. 3) TNF-α IL-1β COX-2-PGE2

iNOS-NO  

Western blotting HT 12.5 μg/mL LPS pNF-κB

6.25 μg/mL Zhang  (19) 

THP-1 NF-κB 100 μM HT

50 μM HT

HT NF-κB TNF-α IL-1β

iNOS-NO HT

NF-κB LPS
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pERK1/2 LPS  (20, 21)

 HT pNF-κB iNOS

pERK1/2 Chan  (32) RAW264.7

LPS iNOS ERK1/2 c-Jun N  

(c-jun N-terminal kinase : JNK) p38  

(p38) HT

 

HT iNOS NO

 (12) 

COX-2 3.13–12.5 μg/mL HT

HT LPS COX-2

 (33)  Maiuri  (5) Zhang  (19) 

HT LPS COX-2 PGE2

2 J774

THP-1

LPS

 (33) in vivo

in vivo

 

HT LPS
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 (nonsteroidal anti-inflammatory drugs NSAIDs) 

 (34)  (35) HT

 (36)  (37)

HT HT
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QOL NSAIDs

 

LPS HT

12.5 μg/mL iNOS NO NF-κB

RAW264.7 HT HT 12.5 μg/mL

NF-κB TNF-α IL-1β

COX-2-PGE2 iNOS-NO 12.5 μg/mL

HT LPS pERK1/2 HT

HT LPS

RAW264.7   

HT

HT

HT

inhibitor  
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Table 1.  Primers sets (QuantiTect TM Primer Assays, QIAGEN) used in real-time  
RT-PCR 

 
 
 
 
  

Gene name Assay name 
iNOS (nitric oxide synthase 2, inducible) 
COX-2 (prostaglandin-endoperoxide synthase 2)  
TNF-α (tumor necrosis factor alpha)  
NF-κB 
(nuclear factor of kappa light polypeptide gene enhancer 
in B-cells) 
IL-1β (interleukin 1 beta) 
IL-6 (interleukin 6) 
IL-10 (interleukin 10) 
Gapdh (glyceraldehyde-3-phosphate dehydrogenase) 

Mm_LOC673161_1_SG 
Mm_Ptgs2_1_SG  
Mm_Tnf_1_SG 
Mm_Nfkb1_1_SG 
 
 
Mm_Il1b_2_SG 
Mm_Il6_1_SG 
Mm_Il10_1_SG 
Mm_Gapdh_3_SG 
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Fig. 1.  Chemical structure of hydroxytyrosol  
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Fig. 2.  Analysis of the cytotoxicity of HT against RAW264.7 cells cultured with 

HT (0–50 μg/mL) for 24 h.  

Cytotoxicity was evaluated as the LDH concentration in the culture supernatant. 

Mean ± S.E. (n = 3). 
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Fig. 3.  Expression of the iNOS, COX-2, TNF-α, NF-κB, IL-1β, IL-6 and IL-10 

genes in cultures of RAW264.7 cells treated with LPS (0.25 μg/mL) and HT (0–12.5

μg/mL) for 3 h.  

Relative mRNA expression levels of iNOS, COX-2, TNF-α, NF-κB, IL-1β, IL-6 and 

IL-10 were evaluated by real-time RT-PCR. 

Mean ± S.E. ***P < 0.001 (Williams’ multiple comparison test) (n = 4). 
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Fig. 4.  Expression of the iNOS, COX-2, TNF-α, NF-κB, IL-1β, IL-6 and IL-10 

genes in cultures of RAW264.7 cells treated with LPS (0.25 μg/mL) and HT (0–12.5

μg/mL) for 24 h.  

Relative mRNA expression levels of iNOS, COX-2, TNF-α, NF-κB, IL-1β, IL-6 and 

IL-10 were evaluated by real-time RT-PCR. 

Mean ± S.E. *P < 0.05, **P < 0.01, ***P < 0.001 (Williams’ multiple comparison test) 

(n = 4). 
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Fig. 5.  Concentration of NO, PGE2, TNF-α and IL-1β in the culture supernatant 

and COX-2 in the cell extract of RAW264.7 cells cultured with LPS (0.25 μg/mL) 

and HT (0–12.5 μg/mL) for 24 h.  

NO concentration was measured by Griess method. Concentration of PGE2, TNF-α, 

IL-1β and COX-2 was measured by ELISA. 

Mean ± S.E. *P < 0.05, **P < 0.01, ***P < 0.001 (Williams’ multiple comparison test) 

(n = 3).   
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Fig. 6.  Expression of pNF-κB (A), pERK1/2 (B), and iNOS (C) in RAW264.7 cells 

cultured with LPS (0.25 μg/mL) and HT (0–12.5 μg/mL).  

Western blotting analysis was used to determine the levels of these proteins in cells 

treated for 15 min (A, B) or 6 h (C). Representative results of duplicate experiments are 

shown. The graph shows the relative protein expression levels measured by 

Quantity One Ver 4.5. 
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 (38–41) Ancel Keys
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 (42)
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 (4–12, 18)  
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HT 12.5 μg/mL NF-κB

iNOS COX-2 IL-1β 12.5 μg/mL

 

HT

 

(mitogen-activated protein kinase: MAPK) (43, 44) 

MAPK ERK1/2 p38 JNK 3

 (45) ERK1/2 

JNK p38
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HT LPS 1  

inhibitor U0126 (ERK1/2

) (46) SB203580 (p38 ) (47) SP600125 (JNK ) (48) 

Celastrol (NF-κB ) (49) 

inhibitor dimethylsulfoxide ( ) 1 mg/mL

–80 °C  

 
 

1. NO PGE2 TNF-α  

1 RAW264.7

10 μM U0126 SB203580 SP600125 celastrol 

(46-49) 2 1) 2) LPS 

0.25 μg/mL 3) LPS 0.25 μg/mL HT (1.56–12.5 μg/mL) well

CO2 24

NO PGE2 TNF-α Nitric Oxide (total) detection 

kit (Enzo Life Sciences) Prostaglandin E2 ELISA Kit (Abcam) Mouse TNF alpha 

SimpleStep ELISA® Kit (Abcam)  

 

2. Western blotting  

1 Western blotting 15
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1 pNF-κB pERK1/2

NF-κB pNF-κB ERK1/2 pERK1/2 p38 pp38 JNK

pJNK (Cell Signaling Technology) 0.3% TBS-T 1,000

 

 

 

 ±  (S.E.) 

5% SAS

EXSUS  
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1. RAW264.7 NO TNF-α PGE2  

NO U0126 (ERK1/2 ) SB203580 (p38 ) SP600125 

(JNK ) RAW264.7 LPS NO

inhibitor  (Fig. 5) LPS

NO HT Celastrol (NF-κB

) NO  (Fig. 7)  

TNF-α U0126 SB203580 SP600125 RAW264.7

LPS TNF-α inhibitor  (Fig. 5) 

1/5 1/10 LPS TNF-α U0126

HT (1.56–3.13 μg/mL) 

SB203580 SP600125 HT

Celastrol

TNF-α  (Fig. 8)  

PGE2 U0126 SB203580 SP600125 RAW264.7

LPS PGE2 inhibitor  (Fig. 5) 

1/5 LPS PGE2 HT

Celastrol LPS

PGE2  (Fig. 9)  

 

2. RAW264.7 NF-κB  
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Western blotting inhibitor RAW264.7

HT pNF-κB pERK1/2

Celastrol LPS (0.25 μg/mL) pNF-κB

 (Fig. 10A) U0126 inhibitor

 (Fig. 6B) pERK1/2 pERK1/2

HT  (Fig. 10B) p38 JNK

LPS inhibitor

 ( )  
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HT NF-κB ERK1/2 p38

JNK 3 MAPK inhibitor HT

 

NF-κB celastrol RAW264.7 NO

ERK1/2 U0126 p38 SB203580 JNK

SP600125 NO LPS

NO MAPK Chan  (32) 

ERK1/2 PD-98059 p38 SB-203580 RAW264.7

LPS PD-98059 NO

SB203580

Bhat  (50) ERK1/2 p38

LPS NO Chen

 (51) LPS iNOS p38 ERK1/2

JNK LPS NO

 (52) JNK NO

 (32) NF-κB celastrol

NO MAPK LPS (0.25 

μg/mL) RAW264.7 NO

NF-κB NO

MAPK NF-κB  
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(53) p38 JNK activator protein 1 (AP-1) 

iNOS AP-1 LPS

 (54, 55) Western blotting

LPS p38 JNK

 

HT MAPK NO

HT ERK1/2 p38 JNK NF-κB

1 HT

12.5 μg/mL NF-κB iNOS COX-2

IL-1β 12.5 μg/mL NF-κB

 

TNF-α U0126 (ERK1/2 ) SB203580 (p38 ) SP600125 

(JNK ) LPS TNF-α inhibitor

1/5 1/10 inhibitor

ERK1/2 JNK TNF 

p38  (56)

Celastrol TNF-α

NO NF-κB TNF-α

TNF-α SB203580 SP600125

HT U0126

HT 1



 

32 
 

HT TNF-α

TNF-α HT U0126 SB203580

SP600125 HT ERK1/2 p38 JNK

Western blotting U0126

HT pERK1/2 HT

ERK1/2  

PGE2 U0126 (ERK1/2 ) SB203580 (p38 ) SP600125 

(JNK ) LPS PGE2 inhibitor

1/5 TNF-α PGE2 MAPK

 (57–59) NO TNF-α

celastrol LPS PGE2

LPS NF-κB

TNF-α PGE2 U0126

SB203580 SP600125 HT

 

2 HT ERK1/2 p38 JNK

NF-κB  (Fig. 

11) HT NO TNF-α PGE2

1 2 HT NSAIDs COX-2

HT  
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1 HT RAW264.7

LPS NO PGE2  

HT NF-κB ERK1/2 p38

JNK 3 MAPK inhibitor HT

 

MAPK TNF-α PGE2 HT

NO MAPK

HT HT ERK1/2 p38

JNK NF-κB

1 HT 12.5 μg/mL NF-κB

iNOS COX-2 IL-1β

12.5 μg/mL NF-κB

 

HT NO PGE2 TNF-α

NSAIDs

COX-2  

1 2 HT

HT
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Fig. 7.  NO production by RAW264.7 cells cultured with LPS (0.25 μg/mL) and HT 

(0–12.5 μg/mL) for 24 h following the treatment with cellular signaling pathway 

inhibitors.  

Cells were treated with (A) 10 μM SB203580, (B) 10 μM SP600125, (C) 10 μM U0126, 

or (D) 10 μM celastrol for 2 h before the LPS stimulation. NO concentration in the 

culture supernatant of RAW264.7 cells was measured by Griess method. Mean ± S.E. *P 

< 0.05, **P < 0.01, ***P < 0.001 (Williams’ multiple comparison test) (n = 3).  

SB203580 

 

U0126 

SP600125 Celastrol 
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Fig. 8.  TNF-α production by RAW264.7 cells cultured with LPS (0.25 μg/mL) and 

HT (0–12.5 μg/mL) for 24 h following the treatment with cellular signaling pathway 

inhibitors.  

Cells were treated with (A) 10 μM SB203580, (B) 10 μM SP600125, (C) 10 μM U0126, 

or (D) 10 μM celastrol for 2 h before the LPS stimulation. TNF-α concentration in the 

culture supernatant of RAW264.7 cells was measured by ELISA. Mean ± S.E. *P < 0.05, 

***P < 0.001 (Williams’ multiple comparison test) (n = 3).  
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Fig. 9.  PGE2 production by RAW264.7 cells cultured with LPS (0.25 μg/mL) and 

HT (0–12.5 μg/mL) for 24 h following the treatment with cellular signaling pathway 

inhibitors. 

Cells were treated with (A) 10 μM SB203580, (B) 10 μM SP600125, (C) 10 μM U0126, 

or (D) 10 μM celastrol for 2 h before the LPS stimulation. PGE2 concentration in the 

culture supernatant of RAW264.7 cells was measured by ELISA. Mean ± S.E. *P < 0.05, 

**P < 0.01, ***P < 0.001 (Williams’ multiple comparison test) (n = 3).  

 

  

SB203580 

 

SP600125 

U0126 

Celastrol 
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Fig. 10.  Expression of pNF-κB (A), pERK1/2 (B) in RAW264.7 cells stimulated 

with LPS (0.25 μg/mL) and HT (0–12.5 μg/mL) following the treatment with 

cellular signaling pathway inhibitors.  

Western blotting analysis was used to determine the levels of these proteins in the cells 

treated for 15 min. Representative results of duplicate experiments are shown. Cells were 

treated with (A) 10 μM celastrol or (B) 10 μM U0126 for 2 h before the LPS stimulation. 

The graph shows the relative protein expression levels measured by Quantity One 

Ver 4.5. 

  

Celastrol 
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Fig. 11.  Possible mechanism of anti-inflammatory activity of HT 

 

 

 

  



 

39 
 

3  

hydroxytyrosol  

 



 

40 
 

 

 

NSAIDs COX-2

 (60)

in vitro HT LPS iNOS COX-2 IL-1β

NO PGE2

HT in vivo

 

 (61, 62)

 (63) PG
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5  (61)  
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HT 1

0.5 w/v%  (0.5 % MC) 

  

 

 

 (1) HT  

100 mg/mL 2 50 mg/mL  

 

 (2)  

0.5% MC

3 mg/mL  

 

 (3)  

0.5% MC

10 mg/mL  

 

 (4)  

1.0%
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 ( HS 15-047)

 ( S16-012) 5 Sprague–Dawley 

(Crl:CD (SD) )  (

) 7

23 ± 3 ºC 50 ± 20% 1 17

12 7:00–19:00 1  

(W 450×D 500×H 350mm ) 1

 ( )  (

) 

 

 

 

 

 

      

1   0.5% MC 

10 mL/kg 5 

2  

1.0% 

 

0.5% MC 
3 HT  

500 mg/kg  
HT  

50 mg/mL 
4   

100 mg/kg  
  

10 mg/mL 
5  

30 mg/kg  
 

3 mg/mL 
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HT 2 g/kg

 (36), 500 mg/kg

4

 (66) 

 (67) 

 

 

1.  

10 mL/kg  (68) 

1 1.0% 0.1mL

 (Model 7141, Ugo Basile, Milan, Italy) 

1 2 3 4 5  (61) 

 (% swelling)  (% inhibition) 

 

 

% swelling = (VX − V0) /V0 × 100 (x = 1–5)  

% Inhibition = (Control – Test) /Control × 100 

 

V0 VX  (0 ) 1 2 3 4 5

Control Test
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2.  

10 vol%

 (H.E.) 

0, negative; 1, minimal; 2, slight; 3, moderate. 

 

3.  

EDTA-2K  

(ADVIA120, Bayer AG, Leverkusen, Germany)  

 (ADVIA120)  

 RBC ×106/μL 
2

 
 Hemoglobin g/dL  

 Hematocrit % 
 ( ×

) 10 

 MCV fL 
2

 

 MCH pg 
 ( ×

) 10 

 
MCHC g/dL 

 (
× ) ×1000 

 Platelet ×103/μL 2
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 WBC ×103/μL 
2

 

 Reticulocyte ×103/μL 
RNA 

 

 Lymphocyte ×103/μL 

 

 Neutrophil  ×103/μL 

 Eosinophil ×103/μL 

 Basophil ×103/μL 

 Monocyte ×103/μL 

 

4.  

 

(05PR-22 )  (4 3,000

15 ) 

 (LABOSPECT 006)  

 
 (LABOSPECT 006)  

 T.Protein g/dL  
 Albumin   g/dL BCG  

 A/G ratio −  

 
AST U/L JSCC  

 
ALT U/L JSCC  

 
ALP U/L JSCC  

 Glucose mg/dL G-6-PDH  
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 ±  (S.E.)  (

) Bartlett

Student’s t-test

Wilcoxon rank sum test  (

) χ2

5%  (2 ) 

 (3–5 ) 

 (1 )  (2 )  (2 ) 

 (3–5 ) SAS EXSUS

 

 Ureanitrogen mg/dL 
GlDH 

 
 Creatinine mg/dL HMMPS  

 Cholesterol mg/dL 
HMMPS  

 Triglyceride mg/dL 
GPO HMMPS

 
 Phospholipid mg/dL DAOS  
 Inor-P mg/dL PNP XDH  

 Sodium mEq/L  
 Potassium mEq/L  
 Chloride mEq/L  
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1. HT  

HT

 (Fig. 12) HT

2 3 5

 (p <0.05) 1 2

3  (p <0.05)

2 3 4 5

 (p <0.01) (Fig. 13)  

1 2 3 4 5 HT

0.34% 13.3% 19.2% 20.9% 22.9%

49.6% 33.4% 24.0% 17.6% 14.2% 52.7%

61.5% 52.1% 51.6% 47.9%  (Fig. 14)  

1

1

 

 

2.  

5
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HT  (p <0.05)  

(p <0.01)  (p <0.05) 

 (p <0.01)  (p 

<0.01)  (Fig. 15, Fig. 16)  

 

3.  

 (p <0.05)

 (Table 2)  

HT

 (Table 3)  
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HT

HT 2

5  (% inhibition 22.9%)  

1

 (% inhibition 49.6%) 2  (% inhibition 61.5%) 

HT

HT

HT

 

HT

PG

 (69)

HT PGE2

PG

 (70, 71) HT



 

50 
 

 (72) HT

 

COX-2 COX-2 PGE2

NO COX-2

A2 (PLA2) S- PGE2

 (63) 1 HT NO PGE2

1 3 HT NO PGE2

HT

HT  
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NO PGE2

HT in vivo

 

0.5% MC ( ) HT (500 mg/kg)  (100 
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1 3 NO PGE2

HT HT
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Fig. 12.  Image showing the hind paw of rat 1 h after carrageenan or saline 

injection and treatment with HT and celecoxib.  

(A) 0.5 w/v % methyl cellulose and saline injection, (B) 0.5 w/v % methyl cellulose and 

carrageenan injection, (C) HT and carrageenan injection, (D) celecoxib and carrageenan 

injection. Indomethacin data was not shown. 
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Fig. 13.  The % swelling volume after carrageenan injection and treatment with 

HT, celecoxib, and indomethacin on rat paw edema 1, 2, 3, 4, and 5 h after 

carrageenan injection.  

% swelling was calculated by the following formula: 

% swelling = (VX − V0) /V0 (x = 1–5)  

where V0 and VX are the hind paw volumes before (0 h) and 1, 2, 3, 4, and 5 h after 

carrageenan injection, respectively. 

*p < 0.05, **p < 0.01, ***p < 0.001, compared to control (Student’s t-test). Each bar 

represents the mean ± standard error of the mean of data from five animals, except for 

the control group, in which data from only four animals was used. 
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Fig. 14.  The % Inhibition by HT, celecoxib, and indomethacin in the rat paw 

edema model. 

% Inhibition was calculated by the following formula: 

% Inhibition = (Control – Test) /Control × 100 

where Control and Test are the mean volumes in the control and test groups, 

respectively. 
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Fig. 15.  Histological staining of rat hind paw tissue sections 5 h after carrageenan 

injection.  

Representative images of tissue injury in (A) 0.5 w/v % methyl cellulose as control, (B) 

HT, (C) celecoxib, and (D) indomethacin. A shows evident dermal edema (*), and 

subcutaneous mononuclear cell infiltration (↑). They were weaker in B, C and D. de: 

dermis, sc: subcutis.  
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Fig. 16.  Histopathological grading of rat hind paw tissue sections 5 h after 

carrageenan injection.  

*p < 0.05, **p < 0.01 compared with control (cumulative χ2 test). Each bar represents 

the mean ± standard error of the mean of data from five animals, except for the control 

group, in which data from only four animals was used. 



 

59 
 

4  

Hydroxytyrosol  



 

60 
 

 

 
HT NSAIDs COX-2

 

NSAIDs COX-2

 (73)

 (low-dose aspirin; LDA) (74) 

 (60, 75, 76)  

NSAIDs COX-2 

 (76–78)

NSAIDs COX-2 COX-1

COX-2 PG  (79) NSAIDs COX-2

COX PG  (70)

COX-2 PG  (80) COX-2

 (81, 82) COX-2

NSAIDs COX-2

 (83)

HT 1 3

COX-2



 

61 
 

NSAIDs COX-2 

HT NSAIDs

COX-2 

 

 

 

  



 

62 
 

 

 
 

HT 0.5 % MC

  

 

 

HT 1

3

0.5% MC 5 mg/mL

 

 

 

3

 

 ( S17-049)  

 

  



 

63 
 

 

 

 
 

1.  

10 mL/kg 1 5 mg/mL

10 mL/kg 4 3

2 w/v%  (10 w/v% 

5 ) 8 mL 

2 w/v% 10 

 

( )  (ImageJ, 

)  (mm2) 

 (% gastric damage area)  

% gastric damage area = lengths of hemorrhagic lesions (mm) × 100/total stomach 

area (mm2). 

 

     

 

 
5 mg/mL 

0.5% MC 

10 mL/kg 5 

HT  
500 mg/kg  

HT  
50 mg/mL 

  
100 mg/kg  

  
10 mg/mL 

 
30 mg/kg  

 
3 mg/mL 



 

64 
 

2.  

3 3  

 
 

 ±  (S.E.) Bartlett

Student’s t-test

Wilcoxon rank sum test

SAS EXSUS  

  



 

65 
 

 

 
1.  

HT

 (Fig. 17 A) HT

 (Fig. 17B)

 (Fig. 17C, Fig. 17D)

 (Fig. 18)  

 

2.  

HT  

(Table 4, Fig. 19A, Fig. 19B)

 (Table 4, Fig. 19C)

HT  (Table 4, Fig. 19D)  

 (Table 

5)  

  

  



 

66 
 

 

 
LDA

 (73)

 (77) NSAIDs LDA

 (67) NSAIDs

COX PG  (67, 81, 84)

NSAIDs

NSAIDs NSAIDs NSAIDs 

NSAIDs

 (86) PG 

NSAIDs PG

 (86, 87)  

COX-2

 ( )  (88)

COX-2

COX

 (89) COX-2 NSAIDs

/

COX-2



 

67 
 

 (90) COX-2

 (85)  

LDA

, 

LDA

 (91)

HT HT

 (37)  (2 g/kg) 

 (36) HT

3 in vivo COX-2

HT

 

HT

HT

 

 

 

 

 

 

 

 



 

68 
 

 

 
HT 1 3 COX-2

NSAIDs COX-2 

3 HT

 

HT

HT in vivo COX-2

 

 
 
  



 

69
 

 

 

T
ab

le
 4

.  
 H

em
at

ol
og

y 
in

 th
e 

ra
t m

od
el

 o
f g

as
tr

ic
 d

am
ag

e 
af

te
r 

co
-a

dm
in

is
tr

at
io

n 
of

 a
sp

ir
in

 a
nd

  
an

ti-
in

fla
m

m
at

or
y 

ag
en

ts
 

 G
ro

up
 N

o.
 

1 
2 

3 
4 

G
ro

up
 

0.
5%

M
C

+A
sp

ir
in

 
H

T
+A

sp
ir

in
 

C
el

ec
ox

ib
+A

sp
ir

in
 

In
do

m
et

ha
ci

n+
A

sp
ir

in
 

N
 

5 
5 

5 
5 

R
B

C
 

6.
89

0 
 

± 
0.

12
4 

 
6.

87
0 

 
± 

0.
22

0 
 

7.
02

4 
 

± 
0.

15
9 

 
7.

02
6 

 
± 

0.
08

3 
 

H
em

og
lo

bi
n 

15
.9

2 
 

± 
0.

50
  

15
.6

8 
 

± 
0.

44
  

16
.0

2 
 

± 
0.

53
  

16
.1

4 
 

± 
0.

64
  

H
em

at
oc

rit
 

44
.0

6 
 

± 
1.

47
  

43
.7

2 
 

± 
0.

95
  

44
.2

2 
 

± 
1.

03
  

44
.0

8 
 

± 
1.

26
  

M
C

V
 

63
.9

4 
 

± 
1.

30
  

63
.7

0 
 

± 
2.

81
  

62
.9

2 
 

± 
0.

66
  

62
.7

0 
 

± 
1.

45
  

M
C

H
 

23
.0

8 
 

± 
0.

53
  

22
.8

8 
 

± 
1.

16
  

22
.7

8 
 

± 
0.

55
  

22
.9

6 
 

± 
0.

82
  

M
C

H
C

 
36

.1
0 

 
± 

0.
86

  
35

.9
0 

 
± 

0.
42

  
36

.2
2 

 
± 

0.
68

  
36

.6
2 

 
± 

0.
69

  

pl
at

el
et

 
15

30
.0

  
± 

21
.7

  
14

20
.6

  
± 

57
.5

 b  
15

14
.0

  
± 

22
2.

9 
 

14
12

.2
  

± 
21

9.
5 

 

W
B

C
 

6.
51

0 
 

± 
2.

70
3 

 
5.

70
8 

 
± 

1.
45

7 
 

7.
16

6 
 

± 
1.

68
1 

 
7.

52
2 

 
± 

1.
21

6 
 

R
et

ic
ul

oc
yt

e 
38

9.
86

  
± 

19
.2

9 
 

38
3.

36
  

± 
22

.9
3 

 
36

9.
40

  
± 

27
.8

2 
 

40
6.

00
  

± 
7.

81
  

N
eu

tro
ph

il 
0.

63
8 

 
± 

0.
18

2 
 

1.
06

0 
 

± 
0.

43
4 

 
1.

23
6 

 
± 

0.
38

4 
a  

1.
43

4 
 

± 
0.

53
4 

a  

Ly
m

ph
oc

yt
e 

5.
58

4 
 

± 
2.

43
4 

 
4.

29
2 

 
± 

1.
04

3 
 

5.
59

4 
 

± 
1.

25
1 

 
5.

70
2 

 
± 

0.
92

5 
 

M
on

oc
yt

e 
0.

16
6 

 
± 

0.
09

6 
 

0.
25

2 
 

± 
0.

10
4 

 
0.

21
6 

 
± 

0.
06

8 
 

0.
24

0 
 

± 
0.

06
4 

 

Eo
si

no
ph

il 
0.

05
2 

 
± 

0.
01

3 
 

0.
03

6 
 

± 
0.

01
5 

 
0.

03
6 

 
± 

0.
01

9 
 

0.
05

0 
 

± 
0.

01
9 

 

B
as

op
hi

l 
0.

02
6 

 
± 

0.
02

5 
 

0.
01

6 
 

± 
0.

00
9 

 
0.

02
4 

 
± 

0.
01

1 
 

0.
02

4 
 

± 
0.

00
5 

 
a : p

 <
 0

.0
5 

co
m

pa
re

d 
w

ith
 g

ro
up

 1
 (S

tu
de

nt
’s

 t-
te

st
). 

b : p
 <

 0
.0

5 
co

m
pa

re
d 

w
ith

 g
ro

up
 1

 (W
ilc

ox
on

 ra
nk

 su
m

 te
st

). 
 

Ea
ch

 v
al

ue
 re

pr
es

en
ts

 th
e 

m
ea

n 
± 

st
an

da
rd

 e
rr

or
 o

f t
he

 m
ea

n 
of

 d
at

a 
fr

om
 fi

ve
 a

ni
m

al
s, 

ex
ce

pt
 fo

r t
he

 g
ro

up
 2

, 
in

 w
hi

ch
 d

at
a 

fr
om

 o
nl

y 
fo

ur
 a

ni
m

al
s w

as
 u

se
d.

 



 

70
 

 T
ab

le
 5

. 
 B

lo
od

 c
he

m
is

tr
y 

in
 th

e 
ra

t m
od

el
 o

f g
as

tr
ic

 d
am

ag
e 

af
te

r 
as

pi
ri

n 
co

-a
dm

in
is

tr
at

io
n 

 G
ro

up
 N

o.
 

1 
2 

3 
4 

G
ro

up
 

0.
5%

M
C

+A
sp

ir
in

 
H

T
+A

sp
ir

in
 

C
el

ec
ox

ib
+A

sp
ir

in
 

In
do

m
et

ha
ci

n+
A

sp
ir

in
 

N
 

5 
5 

5 
5 

T.
Pr

ot
ei

n 
5.

30
  

± 
0.

19
  

5.
36

  
± 

0.
19

  
5.

24
  

± 
0.

09
  

5.
10

  
± 

0.
20

  

A
lb

um
in

 
4.

06
  

± 
0.

18
  

4.
04

  
± 

0.
11

  
3.

98
  

± 
0.

08
  

3.
94

  
± 

0.
17

  

A
/G

 ra
tio

 
3.

31
2 

 
± 

0.
43

2 
 

3.
08

2 
 

± 
0.

27
6 

 
3.

16
6 

 
± 

0.
16

9 
 

3.
41

2 
 

± 
0.

28
2 

 

A
ST

 
75

.8
  

± 
6.

0 
 

79
.2

  
± 

9.
7 

 
77

.6
  

± 
5.

6 
 

73
.6

  
± 

4.
2 

 

A
LT

 
21

.4
  

± 
2.

1 
 

23
.4

  
± 

2.
5 

 
23

.2
  

± 
2.

9 
 

20
.6

  
± 

0.
9 

 

A
LP

 
87

8.
4 

 
± 

14
9.

8 
 

10
24

.8
  

± 
17

7.
2 

 
97

0.
2 

 
± 

26
8.

3 
 

93
1.

0 
 

± 
26

8.
3 

 

G
lu

co
se

 
12

7.
4 

 
± 

23
.5

  
14

7.
2 

 
± 

19
.1

  
16

0.
2 

 
± 

22
.4

  
13

6.
4 

 
± 

23
.9

  

U
re

an
itr

og
en

 
11

.4
0 

 
± 

2.
98

  
11

.9
0 

 
± 

1.
03

  
14

.4
4 

 
± 

1.
80

  
12

.4
6 

 
± 

3.
36

  

C
re

at
in

in
e 

0.
17

0 
 

± 
0.

01
0 

 
0.

18
0 

 
± 

0.
01

9 
 

0.
19

4 
 

± 
0.

01
3 

a  
0.

18
4 

 
± 

0.
02

7 
 

C
ho

le
st

er
ol

 
58

.0
  

± 
10

.7
  

55
.8

  
± 

11
.3

  
58

.6
  

± 
11

.8
  

58
.4

  
± 

10
.5

  

Tr
ig

ly
ce

rid
e 

30
.6

  
± 

12
.1

  
25

.0
  

± 
3.

3 
 

36
.6

  
± 

9.
3 

 
37

.6
  

± 
19

.0
  

Ph
os

ph
ol

ip
id

 
85

.6
  

± 
13

.0
  

81
.2

  
± 

10
.1

  
87

.0
  

± 
11

.1
  

88
.0

  
± 

12
.8

  

In
or

-P
 

8.
30

  
± 

0.
49

  
8.

56
  

± 
0.

71
  

8.
76

  
± 

0.
28

  
8.

62
  

± 
0.

24
  

So
di

um
 

14
2.

2 
 

± 
0.

8 
 

14
2.

2 
 

± 
1.

5 
 

14
1.

6 
 

± 
1.

1 
 

14
1.

2 
 

± 
0.

8 
 

Po
ta

ss
iu

m
 

4.
04

  
± 

0.
23

  
3.

82
  

± 
0.

19
  

4.
08

  
± 

0.
08

  
3.

92
  

± 
0.

22
  

C
hl

or
id

e 
10

8.
0 

 
± 

2.
3 

 
10

8.
4 

 
± 

2.
6 

 
10

6.
4 

 
± 

1.
5 

 
10

5.
4 

 
± 

0.
5 

a  
a : p

 <
 0

.0
5 

co
m

pa
re

d 
w

ith
 g

ro
up

 1
 (S

tu
de

nt
’s

 t-
te

st
). 

Ea
ch

 v
al

ue
 re

pr
es

en
ts

 th
e 

m
ea

n 
± 

st
an

da
rd

 e
rr

or
 o

f t
he

 m
ea

n 
of

  
da

ta
 fr

om
 fi

ve
 a

ni
m

al
s, 

ex
ce

pt
 fo

r t
he

 g
ro

up
 2

, i
n 

w
hi

ch
 d

at
a 

fr
om

 o
nl

y 
fo

ur
 a

ni
m

al
s w

as
 u

se
d.

 
 



 

71 
 

 

 
 

Fig. 17.  Photographs of rat stomachs 4 h after co-administration of aspirin (50 

mg/kg) with (A) 0.5 w/v % methyl cellulose as control, (B) HT, (C) celecoxib, and 

(D) indomethacin.  
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Fig. 18.  The % gastric damage area of rat stomachs 4 h after co-administration of 

aspirin (50 mg/kg) with 0.5 w/v% methyl cellulose as control, HT, celecoxib, and 

indomethacin.  

*p < 0.05 compared with control (Wilcoxon rank sum test). Each bar represents the mean 

± standard error of the mean of data from five animals.  
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Fig. 19.  Blood parameters in the rat model of gastric damage after 

co-administration of aspirin (50 mg/kg) with 0.5 w/v % methyl cellulose as control, 

HT, celecoxib, and indomethacin.  

The number of (A) RBCs, (B) WBCs, (C) reticulocytes, and (D) neutrophils in blood 

samples collected from the abdominal aorta. *p < 0.05 compared with control (Student’s 

t-test). Each bar represents the mean ± standard error of the mean of data from five 

animals. 
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