
 
 

UNIVERSITI PUTRA MALAYSIA 
 

ANTI-INFLAMMATORY ACTIVITY OF 5-(3,4-DIHYDROXYPHENYL)-3-
HYDROXY-1-(2-HYDROXYPHENYL)PENTA-2,4-DIEN-1-ONE 

(SYNTHETIC CURCUMINOID ANALOGUE) IN MICE 
 

 
 
 
 
 
 
 
 
 

NADIA BINTI HISAMUDDIN 
 
 
 
 
 
 
 
 
 
 
 
 

FPV 2019 3 



© C
OPYRIG

HT U
PM

ANTI-INFLAMMATORY ACTIVITY OF 5-(3,4-DIHYDROXYPHENYL)-3-

HYDROXY-1-(2-HYDROXYPHENYL)PENTA-2,4-DIEN-1-ONE (SYNTHETIC 

CURCUMINOID ANALOGUE) IN MICE 

By 

NADIA BINTI HISAMUDDIN 

Thesis Submitted to the School of Graduate Studies, Universiti  
Putra Malaysia, in Fulfilment of the Requirements for the Degree of 

Master of Science  

April 2019 



© C
OPYRIG

HT U
PM

 

 

 

 

All material contained within the thesis, including without limitation text, logos, 
icons, photographs and all other artwork, is copyright material of Universiti Putra 
Malaysia unless otherwise stated. Use may be made of any material contained 
within the thesis for non-commercial purposes from the copyright holder. 
Commercial use of material may only be made with the express, prior, written 
permission of Universiti Putra Malaysia.  
 
Copyright © Universiti Putra Malaysia 
 



© C
OPYRIG

HT U
PM

 

 

i 
 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Master of Science 

 

ANTI-INFLAMMATORY ACTIVITY OF 5-(3,4-DIHYDROXYPHENYL)-3-
HYDROXY-1-(2-HYDROXYPHENYL)PENTA-2,4-DIEN-1-ONE (SYNTHETIC 

CURCUMINOID ANALOGUE) IN MICE 
 

By 

NADIA BINTI HISAMUDDIN 

April 2019 

Chairman : Wan Mastura Shaik Mohamed Mossadeq, PhD 
Faculty  : Veterinary Medicine 
 
 
The rhizome of Curcuma longa (C. longa) plant consists of 3-5% curcuminoids. 
Curcuminoids comprises of curcumin, demethoxycurcumin and 
bisdemethoxycurcumin. Among these, curcumin has been reported to be 
responsible for most of the C. longa pharmacological activities. However, the 
biological activities of curcumin are limited due to its solubility and low 
bioavailability in vivo. Numerous curcuminoid analogues with better 
bioavailability and solubility were synthesized to overcome these limitations. 
Novel synthetic curcuminoid analogues such as the 5-(3,4- dihydroxyphenyl)-3-
hydroxy-1-(2-hydroxyphenyl)penta-2,4-dien-1-one (abbrev. DHHPD), showed 
good anti-inflammatory activities in vitro. Hence, the current study was 
conducted to evaluate the anti-inflammatory activity of DHHPD in mice using 
the carrageenan-induced paw oedema and cotton pellet-induced granuloma 
tests. Mice that received DHHPD (0.1, 0.3, 1 and 3 mg/kg, intraperitoneal) 
showed a significant decrease (p<0.05) in paw oedema formation from the 2nd 
hour of induction until the end of the experiment. The inhibition induced by 
DHHPD at 0.1, 0.3, 1 and 3 mg/kg (intraperitoneal) were 65.4%, 66.9%, 73.8% 
and 86.9% respectively. In the cotton-pellet induced granuloma test, DHHPD 
(0.1, 0.3, 1 and 3 mg/kg, intraperitoneal) showed significantly marked 
reductions (p<0.001) in granuloma development by 22.1%, 32.6%, 37.2% and 
49.3%, respectively. The possible mechanisms of action involved in DHHPD-
induced anti-inflammatory effect were evaluated using histamine-, serotonin-, 
and bradykinin-induced paw oedema tests. Results showed that DHHPD (0.1, 
0.3, 1 and 3 mg/kg, intraperitoneal) caused significant (p<0.05) reductions in 
paw oedema formation induced by the intraplantar administration of histamine 
(100 µg/paw) from the 10th minute until the 40th minute after induction. DHHPD 
demonstrated significant reductions in the formation of serotonin-induced (100 
µg/paw) paw oedema in the 1st hour and from the 3rd to 5th hour whereas 
bradykinin-induced (10 nmol/paw) paw oedema was significantly reduced by 
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DHHPD throughout the experiment (1st to 5th hour). In conclusion, DHHPD 
exerted anti-inflammatory effects in the rodent models of induced inflammation 
possibly through the histaminergic, serotonergic and bradykininergic systems. 
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Rimpang tumbuhan Curcuma longa (C. longa) mengandungi 3-5% 
curcuminoid. Curcuminoid terdiri daripada curcumin, demethoxycurcumin dan 
bisdemethoxycurcumin. Di antaranya, curcumin telah dilaporkan 
bertanggungjawab untuk kebanyakan aktiviti farmakologi C. longa. Walau 
bagaimanapun, aktiviti biologi curcumin terhad disebabkan oleh 
keterlarutannya dan bioavailabiliti yang rendah secara in vivo. Banyak analog 
curcuminoid dengan bioavailabiliti dan kelarutan yang lebih baik telah disintesis 
untuk mengatasi pembatasan tersebut. Analog curcuminoid sintetik seperti 5- 
(3,4-dihydroxyphenyl)-3-hydroxy-1-(2-hydroxyphenyl)penta-2,4-dien-1-one 
(singkatan, DHHPD), menunjukkan aktiviti antiradang secara in vitro. Oleh itu, 
kajian semasa dijalankan untuk menilai aktiviti antiradang DHHPD pada mencit 
menggunakan ujian edema tapak kaki yang diaruhkan oleh carrageenan dan 
granuloma yang diaruhkan oleh pelet kapas. Mencit yang menerima DHHPD 
(0.1, 0.3, 1 dan 3 mg/kg, intraperitoneal) menunjukkan penurunan ketara (p 
<0.05) dalam pembentukan edema 2 jam selepas induksi sehingga akhir 
eksperimen. Perencatan yang disebabkan oleh DHHPD pada 0.1, 0.3, 1 dan 3 
mg/kg (intraperitoneal) masing-masing adalah 65.4%, 66.9%, 73.8% dan 
86.9%. Dalam ujian granuloma yang diaruh oleh pelet kapas, DHHPD pada 
0.1, 0.3, 1 dan 3 mg/kg (intraperitoneal) menunjukkan penurunan ketara 
(p<0.001) dalam pembentukan granuloma sebanyak 22.1%, 32.6%, 37.2% dan 
49.3%. Mekanisme tindakan yang mungkin terlibat dalam kesan antiradang 
yang disebabkan oleh DHHPD telah dikaji menggunakan ujian edema yang 
disebabkan oleh histamine, serotonin, dan bradykinin. Hasil kajian 
menunjukkan bahawa DHHPD (0.1, 0.3, 1 dan 3 mg/kg, intraperitoneal) 
menyebabkan pengurangan edema (p<0.05) yang diakibatkan oleh suntikan 
intraplantar histamine (100 μg /tapak) dari minit ke-10 hingga minit ke-40 
selepas induksi. DHHPD menunjukkan pengurangan ketara dalam 
pembentukan edema tapak kaki disebabkan oleh serotonin (100 μg/tapak) 
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pada jam pertama dan dari jam ke-3 hingga ke-5, manakala edema kaki yang 
disebabkan oleh bradykinin (10 nmol/tapak) berkurang dengan ketara 
sepanjang eksperimen (jam pertama hingga jam ke-5). Sebagai kesimpulan, 
DHHPD menghasilkan kesan antiradang dalam model keradangan teraruh 
mencit kemungkinan melalui sistem histaminergik, serotonergik dan 
bradykininergik. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background of study 
 
 
Presently, there are a variety of non-steroidal anti-inflammatory drugs 
(NSAIDs) available commercially such as aspirin, acetaminophen 
(paracetamol), antipyrine, fenamates, phenacetin, phenylbutazone, 
indomethacin and naproxen (Sánchez-Borges, 2008). However, anti-
inflammatory drugs are often associated with several side effects. Depending 
on the dose administered, these drugs may cause stomach upset and 
consumption exceeding the recommended dose can induce prolongation of the 
birth process (Antonucci et al., 2012; Vostinaru, 2017). Moreover, an overdose 
of these drugs can cause kidney dysfunction. Therefore, numerous studies on 
the use of various plant and rhizome extracts as alternatives to anti-
inflammatory agents have been conducted in order to produce an alternative 
drug or agent with fewer side effects. Extracts from various parts of the 
Curcuma longa plant for example, are frequently tested for their 
pharmacological properties in vivo and in vitro. 
 
 
Curcuma longa (C. longa) or locally known as ‘kunyit’, belongs to the 
Zingiberaceae family and is commonly cultivated in the tropical and subtropical 
provinces, especially in India, Southeast Asia, and China (Rohman, 2012). 
Various parts of the C. longa plant have been shown to possess anti-microbial, 
anti-diabetic (Arun & Nalini, 2002), anti-inflammatory (Chainani-wu, 2003), anti-
fungal, antioxidant, anti-rheumatic (Aggarwal et al., 2006), anti-angiogenic and 
anti-cancer (Wilken et al., 2011), and hypocholestraemic (Shrishail et al., 2013) 
activities. Priyadarsini (2014) reported that the curcuminoid group which has 
been identified as the main component of the C. longa rhizome comprises of 
curcumin, demethoxycurcumin and bisdemethoxycurcumin. However, curcumin 
has been acknowledged as the main compound that is responsible for many of 
the plant’s pharmacological activities (Joe et al., 2004). 
 
 
1.2 Problem statement 
 
 
Although the anti-inflammatory activities of C. longa have been widely 
investigated through in vivo and in vitro assays, there is a lack of literature on 
the anti-inflammatory activities of C. longa particularly at the compound level. 
Curcumin (Figure 1.1), the main bioactive curcuminoid present in C. longa, 
exhibited excellent anti-inflammatory and antinociceptive activities in vivo and 
in vitro, but were of limited use as a medicinal agent due to its low 
bioavailability, poor solubility and, its efficient first pass metabolism in the gut. 
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Therefore, synthetic curcuminoid analogues with better bioavailability and 
solubility were synthesized.  Previously, Leong et al. (2014) had successfully 
synthesized a series of diarylpentanoid (curcumin analogue) derivatives; all of 
which were investigated for their possible anti-inflammatory activity in vitro. 
From the study, Compound 97 which is also known as 5-(3,4-dihydroxyphenyl)-
3-hydroxy-1-(2-hydroxyphenyl)penta-2,4-dien-1-one (abbrev. DHHPD) (Figure 
1.2) significantly suppressed the production of nitric oxide (NO) in the interferon 
gamma (IFN-ɣ)/lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophages, 
and was proposed as the most potent anti-inflammatory agent compared to the 
other ninety-six compounds synthesized. Moreover, the results of DHHPD 
activities obtained from the absorption, distribution, metabolism, excretion and 
toxicological analysis (ADMET) and, toxicity prediction of compounds using 
computer-aided technology (TOPKAT) published in Leong et al. (2014), 
showed that DHHPD is non-hepatotoxic, does not show skin-sensitizing or 
ocular irritating properties, possess good HIA activities and most importantly it 
is highly soluble in water and has low blood-brain barrier activities, compared to 
other synthetic curcuminoid analogues. 
 
 
Therefore, the aim of this study is to evaluate the anti-inflammatory activities of 
DHHPD as well as to identify its possible mechanism action via the mouse 
model of induced inflammation.  
 
 

 
 
 

Figure 1.1: The chemical structure of curcumin 
(Source: Wilken et al., 2011) 

 
 

 
 

 
 
 
 
 
 
 
Figure 1.2: The chemical structure of 5-(3,4-dihydroxy phenyl)-3-
hydroxy-1-(2-hydroxyphenyl)penta-2,4-dien-1-one  
(Source: Leong et al., 2014) 
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1.3 Significance of study 
 
 
The findings from this study provide new knowledge on the anti-inflammatory 
activity of DHHPD, as there is limited scientific information on this subject. In 
addition, results from the study may be used to support the use of DHHPD-
based product as an alternative treatment for inflammation in the future. 
 
 
1.4 Research objectives 
 
 

i. To determine the acute toxicity effect of DHHPD in mice 
ii. To evaluate the anti-inflammatory activities of DHHPD in mice 

using the carrageenan induced-paw oedema test and cotton 
pellet-induced granuloma test 

iii. To determine the involvement of the histaminergic, 
serotonergic and bradykininergic pathways in DHHPD-induced 
anti-inflammatory activity in mice 

 
 

1.5 Hyphotheses 
 
 

i. Ho: DHHPD does not exert toxic effects in mice 
Ha: DHHPD exerts toxic effects in mice 

 
ii. Ho: DHHPD does not produce significant anti-inflammatory 

activities compared to the control group 
Ha: DHHPD produces significant anti-inflammatory activities 
compared to the control group 

 
iii. Ho: The histaminergic, serotonergic and bradykininergic 

systems are not involved in DHHPD-induced anti-inflammatory 
activities 
Ha: The histaminergic, serotonergic and bradykininergic 
systems are involved in DHHPD-induced anti-inflammatory 
activities 

 
  



© C
OPYRIG

HT U
PM

 

 

40 
 

REFERENCES 

 

Abdalla, S. I., Sanderson, I. R., & Fitzgerald, R. C. (2005). Effect of 
inflammation on cyclooxygenase (COX)-2 expression in benign and 
malignant oesophageal cells. Carcinogenesis, 26(9), 1627–1633. 
https://doi.org/10.1093/carcin/bgi114 

 
Aggarwal, B. B., Bhatt, I. D., & Ichikawa, H. (2006). Curcumin- Biological and 

medicinal properties. In Turmeric: The Genus Curcuma (pp. 297–368). 
https://doi.org/doi:10.1201/9781420006322.ch10 

 
Agrawal, D. K., & Mishra, P. K. (2010). Curcumin and Its Analogues: Potential 

Anticancer Agents. Medicinal Research Reviews, 30(5), 818–860. 
https://doi.org/10.1002/med 

 
Amalraj, A., Pius, A., & Gopi, S. (2017). Biological activities of curcuminoids, 

other biomolecules from turmeric and their derivatives - A review. Journal 
of Traditional and Complementary Medicine, 7(2), 205–233. 
https://doi.org/10.1016/j.jtcme.2016.05.005 

 
Anosike, C. A., Obidoa, O., & Ezeanyika, L. U. S. (2012). The anti-inflammatory 

activity of garden egg (Solanum aethiopicum) on egg albumin-induced 
oedema and granuloma tissue formation in rats. Asian Pacific Journal of 
Tropical Medicine, 5(1), 62–66. https://doi.org/10.1016/S1995-7645(11) 
60247-2 

 
Anto, R. J., Kuttan, G., Babu, K. V. D., Rajasekharan, K. N., & Kuttan, R. 

(1998). Anti-inflammatory activity of natural and synthetic curcuminoids. 
Pharmacy and Pharmacology Communications, 4, 103–106. https://doi. 
org/10.1111/J.2042-7158.1998.TB00515.X 

 
Antonucci, R., Zaffanello, M., Puxeddu, E., Porcella, A., Cuzzolin, L., Pilloni, M. 

D., & Fanos, V. (2012). Use of non-steroidal anti-inflammatory drugs in 
pregnancy: Impact on the fetus and newborn. Current Drug Metabolism, 
13(4), 474–490. 

 
Arun, N., & Nalini, N. (2002). Efficacy of turmeric on blood sugar and polyol 

pathway in diabetic albino rats. Plants for Human Nutrition, 57, 41–52. 
 
Ashley, N. T., Weil, Z. M., & Nelson, R. J. (2012). Inflammation: Mechanisms, 

costs, and natural variation. Annual Review of Ecology, Evolution, and 
Systematics, 43(1), 385–406. https://doi.org/10.1146/annurev-ecolsys-
040212-092530 

 
Balasubramanian, A., Ramalingam, K., Krishnan, S., Mission, V., & College, K. 

(2005). Anti-inflammatory Activity of Morus indica Linn . Iranian Journal of 
Pharmcology & Therapeutics, 4(1), 13–15. 

 
Balding, L. (2013). The World Health Organisation analgesic ladder: its place in 



© C
OPYRIG

HT U
PM

 

 

41 
 

modern Irish medical practice. Irish Medical Journal, 106(4), 122–124. 
Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/23691849 

 
Benetello, V., Sakamoto, F. C., Giglio, F. P. M., Sakai, V. T., Calvo, A. M., 

Modena, K. C. S., … Santos, C. F. (2007). The selective and non-
selective cyclooxygenase inhibitors valdecoxib and piroxicam induce the 
same postoperative analgesia and control of trismus and swelling after 
lower third molar removal. Brazilian Journal of Medical and Biological 
Research, 40(8), 1133–1140. https://doi.org/10.1590/S0100-879X20 
06005000123 

 
Benly, P. (2015). Role of Histamine in Acute Inflammation. Journal of 

Pharmaceutical Sciences and Research, 7(6), 373–376.  
 
Blondell, R. D., Azadfard, M., & Wisniewski, A. M. (2013). Pharmacologic 

Therapy for Acute Pain. American Family Physician, 87(11), 767–772. 
 
Bode, A. M., & Dong, Z. (2011). The Amazing and Mighty Ginger. In I. F. F. 

Benzie & S. Wachtel-Galor (Eds.), Herbal Medicine: Biomolecular and 
Clinical Aspects (2nd ed., pp. 131–146). Boca Raton, Florida: CRC 
Press/Taylor & Francis. 

  
Buadonpri, W., Wichitnithad, W., Rojsitthisak, P., & Towiwat, P. (2009). 

Synthetic curcumin inhibits carrageenan-induced paw edema in rats. 
Journal of Health Research, 23(1), 11–16. 

 
Busnardo, T. C. P. M., Padoani, C., Mora, T. C., Biavatti, M. W., Fröde, T. S., 

Bürger, C., … Souza, M. M. de. (2010). Anti-inflammatory evaluation of 
Coronopus didymus in the pleurisy and paw oedema models in mice. 
Journal of Ethnopharmacology, 128(2), 519–525. https://doi.org/10. 
1016/j.jep.2009.12.017 

 
Calil, I. L., Zarpelon, A. C., Guerrero, A. T. G., Alves-Filho, J. C., Ferreira, S. 

H., Cunha, F. Q., … Verri, W. A. (2014). Lipopolysaccharide induces 
inflammatory hyperalgesia triggering a TLR4/MyD88-dependent cytokine 
cascade in the mice paw. PLoS ONE, 9(3), 2–9. https://doi.org/10.1371/ 
journal.pone.0090013 

 
Campbell, D. J. (2001). The kallikrein-kinin system in humans. Clinical and 

Experimental Pharmacology and Physiology, 28(12), 1060–1065. 
https://doi.org/10.1046/j.1440-1681.2001.03564.x 

 
Chahyadi, A., Hartati, R., & Ruslan, K. (2014). Boesenbergia pandurata Roxb ., 

An Indonesian Medicinal Plant : Phytochemistry , Biological Activity , Plant 
Biotechnology. Procedia Chemistry, 13, 13–37. https://doi.org/10.1016/ 
j.proche.2014.12.003 

 
Chainani-wu, N. (2003). Safety and anti-inflammatory activity of curcumin : A 

component of turmeric (Curcuma longa). The Journal of Alternative and 
Complementary Medicine, 9(1), 161–168. https://doi.org/10.1089/ 
107555303321223035 



© C
OPYRIG

HT U
PM

 

 

42 
 

 
Chandrasekharan, N. V, Dai, H., Roos, K. L. T., Evanson, N. K., Tomsik, J., 

Elton, T. S., & Simmons, D. L. (2002). COX-3, a cyclooxygenase-1 variant 
inhibited by acetaminophen and other analgesic/antipyretic drugs : 
Cloning, structure, and expression. Proceedings of the National Academy 
of Sciences of the United States of America, 99(21), 13962–13931.  

 
Cheng, A. L., Hsu, C. H., Lin, K, J., Hsu, M. M., Ho, Y. F., Shen, T. S., … 

Hsieh, C. Y. (2001). Phase I clinical trial of curcumin, a chemopreventive 
agent, in patients with high-risk or pre-malignant lesions. Anticancer 
Research, 21, 2895–2900. 

 
Chichorro, J. G., Lorenzetti, B. B., & Zampronio, A. R. (2004). Involvement of 

bradykinin, cytokines, sympathetic amines and prostaglandins in formalin-
induced orofacial nociception in rats. British Journal of Pharmacology, 
141(7), 1175–1184. https://doi.org/10.1038/sj.bjp.0705724 

 
Cole, G. M., Teter, B., & Frautschy, S. A. (2008). Neuroprotective effects of 

curcumin. Advances in Experimental Medicine and Biology, 595, 197–
212. 

 
Cole, H. W., Brown, C. E., Magee, D. E., Magee, C., Roudebush, R. E., & 

Bryant, H. U. (1995). Serotonin-induced paw edema in the rat : 
Pharmacological profile. General Pharmacology, 26(2), 431–436. 

 
Criado, P. R., Fachini, R., Criado, J., Maruta, C. W., D´apparecida, C., & Filho, 

M. (2010). Histamine, histamine receptors and antihistamines: new 
concepts. The Brazilian Annals of Dermatology, 85(2), 195–210. 
https://doi.org/10.1590/S0365-05962010000200010 

 
Cunha, T. M., Verri, W. A., Silva, J. S., Poole, S., Cunha, F. Q., & Ferreira, S. 

H. (2005). A cascade of cytokines mediates mechanical inflammatory 
hypernociception in mice. Proceedings of the National Academy of 
Sciences, 102(5), 1755–1760. https://doi.org/10.1073/pnas.0409225102 

 
Damjanov, I. (2009). Inflammation and repair. In I. Damjanov (Ed.), Pathology 

Secrets (3rd ed., pp. 19–37). St Louis, United States: Elsevier Health 
Sciences Division. https://doi.org/10.1016/B978-0-323-05594-9.00002-7 

 
Davis, R., Das, U., Mackay, H., Brown, T., Mooberry, S. L., Dimmock, J. R., … 

Pati, H. (2008). Syntheses and cytotoxic properties of the curcumin 
analogs 2,6-bis(benzylidene)-4-phenylcyclohexanones. Archiv Der 
Pharmazie, 341(7), 440–445. https://doi.org/10.1002/ardp.200800028 

 
Dixit, M., Doan, T., Kirschner, R., & Dixit, N. (2010). Significant acute kidney 

injury due to non-steroidal anti- inflammatory drugs : Inpatient setting. 
Pharmaceuticals, 3, 1279–1285. https://doi.org/10.3390/ph3041279 

 
Duerschmied, D., Suidan, G. L., Demers, M., Herr, N., Carbo, C., Brill, A., … 

Wagner, D. D. (2013). Platelet serotonin promotes the recruitment of 
neutrophils to sites of acute inflammation in mice. Blood, 121(6), 1008–



© C
OPYRIG

HT U
PM

 

 

43 
 

1015. https://doi.org/10.1182/blood-2012-06-437392 
 
Duque, G. A., & Descoteaux, A. (2014). Macrophage cytokines: Involvement in 

immunity and infectious diseases. Frontiers in Immunology, 5(591), 1–12. 
https://doi.org/10.3389/fimmu.2014.00491 

 
Dyall-Smith, D. (2010). Non-steroidal anti-inflammatory drugs and their skin 

side effects. Retrieved November 30, 2017, from https://www.dermnetnz. 
org/topics/non- steroidal- anti- inflammatory- drugs- and- their- skin- side-
effects/ 

 
Egan, M. E., Pearson, M., Weiner, S. A., Rajendran, V., Rubin, D., Glöckner-

Pagel, J., … Caplan, M. J. (2004). Curcumin, a major constituent of 
turmeric, corrects cystic fibrosis defects. Science, 304(5670), 600–602. 

 
Funk, C. D. (2001). Prostaglandins and leukotrienes: Advances in eicosanoid 

biology. Science, 294(5548), 1871–1875. 
 
Glennon, R. A., & Dukat, M. (2012). Serotonin receptors and drugs affecting 

serotonergic neurotransmission. In T. L. Lemke, D. A. Williams, V. F. 
Roche, & S. W. Zito (Eds.), Foye’s Principles of Medicinal Chemistry (7th 
ed., pp. 366–396). Philadelphia: Lippincott Williams & Wilkins. 

 
Golias, C., Charalabopoulos, A., Stagikas, D., Charalabopoulos, K. A., & 

Batistatou, A. (2007). The kinin system-bradykinin: Biological effects and 
clinical implications. Multiple role of the kinin system-bradykinin. 
Hippokratia, 11(3), 124–128. 

 
Grant, D. (2006). The non-steroidal anti-inflammatory analgesic drugs 

(NSAIDs). In Pain Management in Small Animals: A Manual for Veterinary 
Nurses and Technicians (1st ed., pp. 165–187). Philadelpia: Elsevier 
Health Sciences. 

 
Gurenlian, B. J. R. (2006). Inflammation: The relationship between oral health 

and systemic disease. Acces - Special Supplemental Issue, (April), 1–7. 
 
Hodgson, E. (2015). The effects of corticosteroids and nonsteroidal anti-

inflammatory drugs , including aspirin , on coagulation. South African 
Family Practice, 57(5), 9–12. 

 
Hossain, C. F., Al-Amin, M., Rahman, K. M. N., Sarker, A., Alam, M. M., 

Chowdhury, M. H., & Sultana, G. N. N. (2015). Analgesic principle from 
Curcuma amada. Journal of Ethnopharmacology, 163, 273–277. 
https://doi.org/10.1016/j.jep.2015.01.018 

 
Hu, W., Eaton, J. W., & Tang, L. (2001). Molecular basis of biomaterial-

mediated foreign body reactions. Blood, 98(4), 1231–1239. 
 
Ismail, N. I., Ming-Tatt, L., Lajis, N., Akhtar, M. N., Akira, A., Perimal, E. K., … 

Sulaiman, M. R. (2016). Antinociceptive Effect of 3-(2,3 - 
Dimethoxyphenyl)-1- (5-methylfuran-2-yl)prop-2-en-1-one in Mice Models 



© C
OPYRIG

HT U
PM

 

 

44 
 

of Induced Nociception. Molecules, 21(1077). 
 
Jagetia, G. C. (2007). Radioprotection and radiosensitization by curcumin. In B. 

B. Aggarwal, Y. J. Surh, & S. Shishodia (Eds.), The Molecular Targets 
and Therapeutic Uses of Curcumin in Health and Disease (pp. 301–320). 
Boston: Springer. 

 
Jain, P., Pandey, R., & Shukla, S. S. (2014). Inflammation. In Inflammation: 

Natural Resources and Its Applications (pp. 5–24). New Delhi: Springer. 
https://doi.org/10.1007/978-81-322-2163-0 

 
Joe, B., Vijaykumar, M., & Lokesh, B. R. (2004). Biological Properties of 

Curcumin-Cellular and Molecular Mechanisms of Action. Critical Reviews 
in Food Science and Nutrition, 44(2), 97–111. https://doi.org/ 
10.1080/10408690490424702 

 
Kamarudin, N., Hisamuddin, N., Ong, H. M., Ahmad Azmi, A. F., Leong, S. W., 

Abas, F., … Shaik Mossadeq, W. M. (2018). Analgesic Effect of 5-(3,4-
Dihydroxyphenyl)-3-hydroxy-1-(2- hydroxyphenyl)penta-2,4-dien-1-one in 
Experimental Animal Models of Nociception. Molecules, 23(2099), 1–15. 
https://doi.org/10.3390/molecules23092099 

 
Kohli, K., Ali, J., Ansari, M. J., & Raheman, Z. (2005). Curcumin: A natural 

antiinflammatory agent. Indian Journal of Pharmacology, 37(3), 141–147. 
 
Lamperti, M., Maspero, A., Tønnesen, H. H., Bondani, M., & Nardo, L. (2014). 

Elucidation of the relationships between H-bonding patterns and excited 
state dynamics in cyclovalone. Molecules, 19(9), 13282–13304. 
https://doi.org/10.3390/molecules190913282 

 
Leong, S. W., Mohd Faudzi, S. M., Abas, F., Mohd Aluwi, M. F. F., Rullah, K., 

Lam, K. W., … Lajis, N. H. (2015). Nitric oxide inhibitory activity and 
antioxidant evaluations of 2-benzoyl-6-benzylidenecyclohexanone 
analogs, a novel series of curcuminoid and diarylpentanoid derivatives. 
Bioorganic and Medicinal Chemistry Letters, 25(16), 3330–3337. 
https://doi.org/10.1016/j.bmcl.2015.05.056 

 
Leong, S. W., Mohd Faudzi, S. M., Abas, F., Mohd Aluwi, M. F. F., Rullah, K., 

Wai, L. K., … Lajis, N. H. (2014). Synthesis and sar study of 
diarylpentanoid analogues as new anti-inflammatory agents. Molecules, 
19(10), 16058–16081. https://doi.org/10.3390/molecules191016058 

 
Liang, G., Li, X., Chen, L., Wu, X., Studer, E., Gurley, E., … Zhou, H. (2008). 

Synthesis and anti-inflammatory activities of mono-carbonyl analogues of 
curcumin. Bioorganic and Medicinal Chemistry Letters, 18(4), 1525–1529. 
https://doi.org/10.1016/j.bmcl.2007.12.068 

 
Ligumsky, M., Golanska, E. M., Hansen, D. G., & Kauffman, G. L. (1983). 

Aspirin can inhibit gastric mucosal without causing lesions in rat. 
Gastroenterology, 84(4), 756–761. https://doi.org/10.1016/0016-5085(83) 
90143-9 



© C
OPYRIG

HT U
PM

 

 

45 
 

 
Liu, M., Kalbasi, A., & Beatty, G. L. (2017). Functio laesa: Cancer inflammation 

and therapeutic resistance. Journal of Oncology Practice, 13(3), 173–180. 
https://doi.org/10.1200/jop.2016.020347 

 
Livingston, A. (2000). Mechanism of action of nonsteroidal anti-inflammatory 

drugs. The Veterinary Clinics of North America: Small Animal Practice, 
30(4), 773–781. https://doi.org/10.1016/S0195-5616(08)70006-8 

 
Lüer, S. C., Goette, J., Troller, R., & Aebi, C. (2014). Synthetic versus natural 

curcumin: Bioequivalence in an in vitro oral mucositis model. BMC 
Complementary and Alternative Medicine, 14(53), 1–7. https://doi.org/ 
10.1186/1472-6882-14-53 

 
Marroquin-Segura, R., Flores-Pimentel, M., Carreón-Sánchez, R., Garcia-

Burciaga, M. M., Mora-Guevara, J. L. A., Aguilar-Contreras, A., & 
Hernandez-Abad, V. J. (2009). The effect of the aqueous extract of 
Helietta parvifolia A. Gray (Rutaceae) stem bark on carrageenan-induced 
paw oedema and granuloma tissue formation in mice. Journal of 
Ethnopharmacology, 124(3), 639–641. https://doi.org/10.1016/j.jep.2009. 
06.004 

 
Medzhitov, R. (2008). Origin and physiological roles of inflammation. Nature, 

454, 428–435. https://doi.org/10.1038/nature07201 
 
Menon, V. P., & Sudheer, A. R. (2007). Antioxidant and anti-inflammatory 

properties of curcumin. Advances in Experimental Medicine and Biology, 
595, 105–125. https://doi.org/10.1007/978-0-387-46401-5_3 

 
Mietla, J. A., Hoeferlin, L. A., Wijesinghe, D. S., & Chalfant, C. E. (2016). 

Biochemical mediators of inflammation. In R. F. Diegelmann & C. E. 
Chalfant (Eds.), Frontiers in Inflammation: Basic Biology and Clinical 
Aspects of Inflammation (1st ed., pp. 26–54). United Arab Emirates: 
Bentham Science Publishers. 

 
Ming-Tatt, L., Khalivulla, S. I., Akhtar, M. N., Mohamad, A. S., Perimal, E. K., 

Khalid, M. H., … Sulaiman, M. R. (2012). Antinociceptive activity of a 
synthetic Curcuminoid analogue, 2,6-bis-(4-hydroxy-3-methoxy 
benzylidene)cyclohexanone, on nociception-induced models in mice. 
Basic and Clinical Pharmacology and Toxicology, 110(3), 275–282. 
https://doi.org/10.1111/j.1742-7843.2011.00804.x 

 
Mohamad, A. S., Akhtar, M. N., Zakaria, Z. A., Perimal, E. K., Khalid, S., Mohd, 

P. A., … Sulaiman, M. . (2010). Antinociceptive activity of a synthetic 
chalcone, flavokawin B on chemical and thermal models of nociception in 
mice. European Journal of Pharmacology, (647), 103–109. 

 
Mukarram Shah, S. M. (2015). A Possible Anti-inflammatory Mechanism of 

Ethyl Acetate Extracts of Teucrium stocksianum Bioss. BMC 
Complementary and Alternative Medicine, 15(299), 1–6. https://doi.org/ 
10.1186/s12906-015-0834-x 



© C
OPYRIG

HT U
PM

 

 

46 
 

 
Muralidhar, A., Sainath Reddy, C., Someswara Yadav, A., Kedareeswari, J., 

Sankaraiah, B., Rama Thulasamma, L., … Varalakshmi, G. (2013). Anti-
inflammatory studies of Barringtonia acutangula (Linn) fruits on wistar 
rats. International Journal of Phytomedicine, 5(3), 350–355. 

 
Murphy, H. S. (2008). Inflammation. In R. Rubin, D. S. Strayer, & E. Rubin 

(Eds.), Rubin’s Pathology: Clinicopathologic Foundations of Medicine (5th 
ed., pp. 37–70). Philadelphia: Lippincott Williams & Wilkins. 

 
Necas, J., & Bartosikova, L. (2013). Carrageenan : a review. Veterinarni 

Medicina, 58(4), 187–205. 
 
Onder, G., Pellicciotti, F., Gambassi, G., & Bernabei, R. (2004). NSAID-related 

psychiatric adverse events: Who is at risk? Drugs, 64(23), 2619–2627. 
https://doi.org/10.2165/00003495-200464230-00001 

 
Osafo, N., Agyare, C., Obiri, D. D., & Antwi, A. O. (2017). Mechanism of action 

of nonsteroidal anti- Inflammatory drugs. In A. Ali Gamal (Ed.), Non-
steroidal Anti-Inflammatory Drugs (pp. 2–15). United Kingdom: InTech 
Open. https://doi.org/10.5772/65816 

 
Padhye, S., Chavan, D., Pandey, S., Deshpande, J., Swamy, K. V., & Sarkar, 

F. H. (2010). Perspectives on chemopreventive and therapeutic potential 
of curcumin analogs in medicinal chemistry. Mini Reviews in Medicinal 
Chemistry, 10(5), 372–387. https://doi.org/10.2217/FON.09.6.Dendritic 

 
Park, J., & Conteas, C. N. (2010). Anti-carcinogenic properties of curcumin on 

colorectal cancer. World Journal of Gastrointestinal Oncology, 2(4), 169–
176. https://doi.org/10.4251/wjgo.v2.i4.169 

 
Park, W., Ruhul Amin, A. R. M., Chen, G. Z., & Shin, D. M. (2013). New 

perspectives of curcumin in cancer prevention. Cancer Prevention 
Research, 6(5), 387–400. https://doi.org/10.1158/1940-6207.CAPR-12-
0410.New 

 
Paschapur, M. S., Patil, M. B., Kumar, R., & Patil, S. R. (2009). Influence of 

ethanolic extract of Borassus flabellifer L. male flowers (inflorescences) 
on chemically induced acute-inflammation and poly arthritis in rats. 
International Journal of PharmTech Research, 1(3), 551–556. 

 
Paśko, P., Rodacki, T., Domagała-Rodacka, R., Palimonka, K., Marcinkowska, 

M., & Owczarek, D. (2017). Second generation H1 - antihistamines 
interaction with food and alcohol—A systematic review. Biomedicine and 
Pharmacotherapy, 93, 27–39. https://doi.org/10.1016/j.biopha.2017. 
06.008 

 
Paterson, K. J., Zambreanu, L., Bennett, D. L. H., & McMahon, S. B. (2013). 

Characterisation and mechanisms of bradykinin-evoked pain in man using 
iontophoresis. Pain, 154(6), 782–792. https://doi.org/10.1016/j.pain. 
2013.01.003 



© C
OPYRIG

HT U
PM

 

 

47 
 

 
Paulsen, F., Garreis, F., & Bräuer, L. (2012). Role of the innate immune 

system. In M. Zierhut, F. Paulsen, J. Y. Niederkorn, & U. Schraermeyer 
(Eds.), Innate Immunity and the Eye (1st ed., pp. 2–11). New Delhi: 
Jaypee Brothers Medical Publishers (P) LTD. 

 
Porth, C. (2011). Inflammation, the inflammatory response and fever. In Study 

Guide for Essentials of Pathophysiology (3rd ed., pp. 58–61). 
Philadelphia: Lippincott Williams & Wilkins. 

 
Porth, C., Pooler, C., & Hannon, R. A. (2009). Inflammation, tissue repair and 

wound healing. In Porth Pathophysiology: Concepts of Altered Health 
States (1st ed., pp. 370–372). Philadelphia: Lippincott Williams & Wilkins. 

 
Posadas, I., Bucci, M., Roviezzo, F., Rossi, A., Parente, L., Sautebin, L., & 

Cirino, G. (2004). Carrageenan-induced mouse paw oedema is biphasic, 
age-weight dependent and displays differential nitric oxide 
cyclooxygenase-2 expression. British Journal of Pharmacology, 142(2), 
331–338. https://doi.org/10.1038/sj.bjp.0705650 

 
Priyadarsini, K. I. (2014). The chemistry of curcumin: From extraction to 

therapeutic agent. Molecules, 19(12), 20091–20112. https://doi.org/ 
10.3390/molecules191220091 

 
Rao, C. V., Rivenson, A., Simi, B., & Reddy, B. S. (1995). Chemoprevention of 

colon carcinogenesis by dietary curcumin, a naturally occurring plant 
phenolic compound. Cancer Research, 55(2), 259–266. 

 
Rao, C. V., Janakiram, N. B., & Mohammed, A. (2013). Lipoxygenase and 

cyclooxygenase pathways and colorectal cancer prevention. Current 
Colorectal Cancer Reports, 8(4), 316–324. https://doi.org/10.1007/ 
s11888-012-0146-1.Lipoxygenase 

 
Raval, N. D., Ravishankar, B., & Ashok, B. K. (2013). Anti-inflammatory effect 

of Chandrashura (Lepidium sativum Linn.) an experimental study. An 
International Quarterly Journal of Research in Ayurveda, 34(3), 302–4. 
https://doi.org/10.4103/0974-8520.123132 

 
Ricciotti, E., & Fitzgerald, G. A. (2011). Prostaglandins and inflammation. 

Arteriosclerosis, Thrombosis, and Vascular Biology, 31(5), 986–1000. 
https://doi.org/10.1161/ATVBAHA.110.207449 

 
Rocha, A. C. C., Fernandes, E. S., Quinta, N. L. M., Campos, M. M., & Calixto, 

J. B. (2006). Relevance of tumour necrosis factor- a for the inflammatory 
and nociceptive responses evoked by carrageenan in the mouse paw. 
British Journal of Pharmacology, 148(5), 688–695. 
https://doi.org/10.1038/sj.bjp.0706775 

 
Rohman, A. (2012). Mini Review Analysis of curcuminoids in food and 

pharmaceutical products. International Food Research Journal, 19(1), 19–
27. 



© C
OPYRIG

HT U
PM

 

 

48 
 

 
Sánchez-Borges, M. (2008). Clinical management of nonsteroidal anti-

inflammatory drug hypersensitivity. World Allergy Organization Journal, 
1(2), 29–33. https://doi.org/10.1097/wox.0b013e3181625db2 

 
Saradha, M., & Paulsamy, S. (2013). Antinociceptive and antiinflammatory 

activities of stem bark of an endangered medicinal plant, Hildegardia 
populifolia (roxb.) schott and endl. International Journal of Pharma and 
Bio Sciences, 4(3), 30–36. 

 
Sarraf, P., & Sneller, M. C. (2005). Pathogenesis of Wegener’s 

granulomatosis : current concepts. Expert Reviews in Molecular Medicine, 
7(8), 1–19. https://doi.org/10.1017/S146239940500921X 

 
Serhan, C. N., Ward, P. A., & Gilroy, D. W. (2011). Fundamentals of 

inflammation. Yale Journal of Biology and Medicine, 84(1), 64–65. 
 
Shah, K. K., Pritt, B. S., & Alexander, M. P. (2017). Histopathologic review of 

granulomatous inflammation. Journal of Clinical Tuberculosis and Other 
Mycobacterial Diseases, 7, 1–12. https://doi.org/10.1016/j.jctube. 
2017.02.001 

 
Sharma, J. N., & Al-Sherif, G. J. (2006). Pharmacologic targets and prototype 

therapeutics in the kallikrein-kinin system : Bradykinin receptor agonists or 
antagonists. The Scientific World Journal, 6, 1247–1261. 
https://doi.org/10.1100/tsw.2006.226 

 
Sharma, J., & Narayanan, P. (2015). Basic pharmacology of bradykinin 

receptor agonists. Austin Journal of Pharmacology and Therapeutics, 
3(2), 1–7. 

 
Sharma, R. A., Steward, W. P., & Gescher, A. J. (2007). Pharmacokinetics and 

pharmacodynamics of curcumin. Advances in Experimental Medicine and 
Biology, 595, 453–470. https://doi.org/10.1086/518137 

 
Sheffield, E. A. (1990). The granulomatous inflammatory response. The 

Journal of Pathology, 160(1), 1–2. https://doi.org/10.1002/path. 
1711600102 

 
Shrishail, D., Handral Harish, K., Ravichandra, H., Tulsianand, G., & Shruthi, S. 

D. (2013). Turmeric: Nature’s precious medicine. Asian Journal of 
Pharmaceutical and Clinical Research, 6(3), 10–16. 

 
Silpa, S. R. (2014). Prostaglandins and its Types. PharmaTutor Magazine, 

2(5), 31–37. 
 
Sinatra, R. (2002). Role of COX-2 Inhibitors in the Evolution of Acute Pain 

Management. Journal of Pain and Symptom Management, 24(1), 19–27. 
 
Smith, W. L., & Murphy, R. C. (2002). The eicosanoids: Cyclooxygenase, 

lipoxygenase, and epoxygenase pathways. In D. E. Vance & J. E. Vance 



© C
OPYRIG

HT U
PM

 

 

49 
 

(Eds.), Biochemistry of Lipids, Lipoprotein and Membranes (4th Editio, pp. 
341–371). Elsevier Science B.V. 

 
Solomon, D. H. (2017). Patient Education: Nonsteroidal antiinflammatory drugs 

(NSAIDs) (Beyond the Basics). Retrieved December 3, 2017, from 
https://www.uptodate.com/contents/nonsteroidal-antiinflammatory-drugs-
nsaids-beyond-the-basics 

 
Spillere Da Silva, M. B., Farges, R. C., & Fröde, T. S. (2004). Involvement of 

steroids in anti-inflammatory effects of PK11195 in a murine model of 
pleurisy. Mediators of Inflammation, 13(2), 93–103. https://doi.org/ 
10.1080/09629350410001688486 

 
Sulaiman, M. R., Perimal, E. K., Akhtar, M. N., Mohamad, A. S., Khalid, M. H., 

Tasrip, N. A., … Israf, D. A. (2010). Anti-inflammatory effect of zerumbone 
on acute and chronic inflammation models in mice. Fitoterapia, 81(7), 
855–858. https://doi.org/10.1016/j.fitote.2010.05.009 

 
Szondy, Z., Sarang, Z., Kiss, B., Garabuczi, É., & Köröskényi, K. (2017). Anti-

inflammatory mechanisms triggered by apoptotic cells during their 
clearance. Frontiers in Immunology, 8(909), 1–8. https://doi.org/ 
10.3389/fimmu.2017.00909 

 
Tajima, S., & Koda, K. (2015). Granulomatous inflammation of pulmonary 

squamous cell carcinoma : A rare phenomenon. International Journal of 
Clinical and Experimental Pathology, 8(6), 7547–7552. 

 
Toriyabe, M., Omote, K., Kawamata, T., & Namiki, A. (2004). Contribution of 

interaction between nitric oxide and cyclooxygenases to the production of 
prostaglandins in carrageenan-induced inflammation. Anesthesiology, 
101(4), 983–990. https://doi.org/10.1097/00000542-200410000-00025 

 
Vane, J. R., & Botting, R. M. (2003). The mechanism of action of aspirin. 

Thrombosis Research, 110(5–6), 255–258. https://doi.org/10.1016/ 
S0049-3848(03)00379-7 

 
Verma, S., Ojha, S., & Raish, M. (2010). Anti-inflammatory activity of Aconitum 

heterophyllum on cotton pellet-induced granuloma in rats. Journal of 
Medicinal Plants Research, 4(15), 1566–1569. https://doi.org/10.5897/ 
JMPR09.502 

 
Vostinaru, O. (2017). Adverse effects and drug interactions of the non‐steroidal 

anti‐inflammatory drugs. In A. Ali Gamal (Ed.), Non-Steroidal Anti-
Inflammatory Drugs (pp. 17–31). United Kingdom: InTech Open. 
https://doi.org/http://dx.doi.org/10.5772/intechopen.68198 

 
Vyas, A., Dandawate, P., Padhye, S., Ahmad, A., & Sarkar, F. (2013). 

Perspectives on new synthetic curcumin analogs and their potential 
anticancer properties. Current Pharmaceutical Design, 19(11), 2047–
2069. https://doi.org/10.1016/j.immuni.2010.12.017.Two-stage 



© C
OPYRIG

HT U
PM

 

 

50 
 

 
Wallace, J. L. (2005). Nitric oxide as a regulator of inflammatory processes. 

Memorias Do Instituto Oswaldo Cruz, 100(1), 5–9. 
https://doi.org/10.1590/S0074-02762005000900002 

 
Walsh, G. M., Annunziato, L., Frossard, N., Knol, K., Levander, S., Nicolas, J. 

M., … Timmerman, H. (2001). New insights into the second generation 
antihistamines. Drugs, 61(2), 207–236. https://doi.org/10.2165/00003495-
200161020-00006 

 
Wang, X., Baek, S. J., & Eling, T. (2011). COX inhibitors directly alter gene 

expression: Role in cancer prevention? Cancer Metastasis Review, 30(3–
4), 641–657. https://doi.org/10.1007/s10555-011-9301-4 

 
Ward, P. A. (2010). Acute and chronic inflammation. In C. N. Serhan, P. A. 

Ward, & D. W. Gilroy (Eds.), Fundamentals of Inflammation (1st ed., pp. 
1–16). New York: Cambridge University Press. 

 
Weiss, U. (2008). Inflammation. In Nature (Vol. 454, p. 427). 

https://doi.org/10.1038/454427a 
 
Wilches, I., Tobar, V., Peñaherrera, E., Cuzco, N., Jerves, L., Vander Heyden, 

Y., … Vila, E. (2015). Evaluation of anti-inflammatory activity of the 
methanolic extract from Jungia rugosa leaves in rodents. Journal of 
Ethnopharmacology, 173, 166–171. https://doi.org/10.1016/j.jep. 
2015.07.004 

 
Wilken, R., Veena, M. S., Wang, M. B., & Srivatsan, E. S. (2011). Curcumin: A 

review of anti-cancer properties and therapeutic activity in head and neck 
squamous cell carcinoma. Molecular Cancer, 10(12), 1–19. 
https://doi.org/10.1186/1476-4598-10-12 

 
Winter, C. A., Risley, E. A., & Nuss, G. W. (1962). Carrageenin-Induced Edema 

in Hind Paw of the Rat as an Assay for Antiinflammatory Drugs. 
Experimental Biology and Medicine, 111(3), 544–547. https://doi.org/ 
10.3181/00379727-111-27849 

 
Wynn, T. A. (2007). Common and unique mechanisms regulate fibrosis in 

various fibroproliferative diseases. Journal of Clinical Investigation, 
117(3), 524–529. https://doi.org/10.1172/JCI31487 

 
Yadav, R. P., Tarun, G., Roshan, C., & Yadav, P. (2017). Versatility of turmeric: 

A review the golden spice of life. Journal of Pharmacognosy and 
Phytochemistry, 41(61), 41–46. 

 
Yang, F., Lim, G. P., Begum, A. N., Ubeda, O. J., Simmons, M. R., 

Ambegaokar, S. S., … Cole, G. M. (2005). Curcumin inhibits formation of 
amyloid beta oligomers and fibrils, binds plaques, and reduces amyloid in 
vivo. The Journal of Biological Chemistry, 280(7), 5892–5901. 

 
Zhang, F., Altorki, N. K., Mestre, J. R., Subbaramaiah, K., & Dannenberg, A. J. 



© C
OPYRIG

HT U
PM

 

 

51 
 

(1999). Curcumin inhibits cyclooxygenase-2 transcription in bile acid- and 
phorbol ester-treated human gastrointestinal epithelial cells. 
Carcinogenesis, 20(3), 445–451. 

 
Zhang, J.-M., & An, J. (2009). Cytokines, inflammation and pain. International 

Anesthesiology Clinics, 45(2), 27–37. https://doi.org/10.1097/ 
AIA.0b013e318034194e.Cytokines 

 
Zhao, J., Maitituersun, A., Li, C., Li, Q., Xu, F., & Liu, T. (2018). Evaluation on 

analgesic and anti-inflammatory activities of total flavonoids from 
Juniperus sabina. Evidence-Based Complementary and Alternative 
Medicine, 2018, 1–9. https://doi.org/10.1155/2018/7965306 

 
  




