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INTRODUCTION 
 

Inflammation is a normal biological process in response to 
tissue injury, microbial pathogen infection and chemical 
irritation. This biological process also involves the innate 
and adaptive immune systems. At a damaged site, 
inflammation is initiated by migration of immune cells 
from blood vessels and release of mediators, followed by 
recruitment of inflammatory cells and release of reactive 
oxygen species (ROS), reactive nitrogen species (RNS) 
and proinflammatory cytokines to eliminate foreign 
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Inflammation causes discomfort, suffering and lower productivity of the victims. 
Synthetic anti-inflammatory drugs are not readily available and have adverse 
side effects. Alternative herbal medicines possess bioactive compounds that are 
safer and efficient in the management of various diseases and disorders. The 
present study evaluated for the anti-inflammatory activity of ethanol extracts of 
Castanopsis costata in rats to scientifically validate their traditional use among 
the Karo communities in Medan, Nort Sumatera. The plant samples were 
collected with the help of local herbalists in Namo Keling Village, Sumatera 
Utara and transported to Phytochemistry and Pharmacology laboratories, Tjut 
Nyak Dhien University,   for cleaning, air drying, milling, and ex
male albino rats of divided into six groups of 5 animals each; normal control, 
negative control, positive control and three experimental groups. The anti
inflammatory activity was tested using carrageenan
method. The anti-inflammatory activity of the extracts was compared to 
reference drug diclofenac. The leaf extract of C.costata
paw diameter of rats by between 26.09%-100% with a dose of 125 mg/kg BW 
during six days. The diclofenac reduced inflamed hind paw diameter by between 
39.75%-100% with a dose of 4.5 mg/kg BW during six days. The qualitative 
phytochemical screening indicated the presence of alkaloids, flavonoids, 
glycosides, glycoside anthraquinones, steroids, tannins, and triterpenoids. T
present study demonstrated potent anti-inflammatory activities of ethanol 
extracts of C. costata leaves in a dose-dependent manner, which supports their 
traditional use. The present study recommends the ethnomedicinal use of 
C.costata in the management of inflammation. 
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Inflammation is a normal biological process in response to 
tissue injury, microbial pathogen infection and chemical 
irritation. This biological process also involves the innate 
and adaptive immune systems. At a damaged site, 

gration of immune cells 
from blood vessels and release of mediators, followed by 
recruitment of inflammatory cells and release of reactive 
oxygen species (ROS), reactive nitrogen species (RNS) 
and proinflammatory cytokines to eliminate foreign 

pathogens, resolving the infection and repairing injured 
tissues. (Medzhitov, 2008; Pan, 
main function of inflammation is beneficial for a host’s 
defense. In general, normal inflammation is rapid and self
limiting, but the aberrant resolution a
inflammation cause various chronic disorders (Calder, 
al., 2009). 
 

Inflammatory process has two phases: acute and chronic. 
The acute inflammation occurs a few minutes after tissue 
damage. It is characterized by an increase in permeability 
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of blood vessels, extravasation of fluid and proteins and 
accumulation of white blood cells for a short period 
(Posadas, et al., 2004). The primary mediators of acute 
inflammation include histamine, serotonin, and COX-2 
(Ravi, et al., 2009). The failure of the management of 
acute inflammation and an autoimmune response to a self-
antigen lead to chronic inflammation and disease (Recio, 
et al., 2012). Chronic inflammation is mediated by 
inflammatory mediators such as PGE2, nitric oxide, and 
lipoxygenases. Chronic inflammation may results in 
ailments such as chronic peptic ulcers, rheumatoid 
arthritis, systemic lupus, asthma, chronic periodontitis, 
and cancer (Nordqvist, C., 2015). 
 

During the inflammatory response, the PGE2 are at low 
levels in tissues with no inflammation and increase 
immediately in acute inflammation. As immune cells 
infiltrate the tissues, further increases in PGE2 levels is 
observed (Tilley, et al., 2001). The non-steroidal anti-
inflammatory drugs (NSAIDs) such as naproxen, 
indomethacin, ibuprofen, diclofenac, and ketoprofen are 
the most commonly used conventional medicinal products 
in the treatment of inflammation (Warden, SJ., 2010). The 
NSAIDs inhibit the expression of cyclooxygenase 2 
(COX-2) enzyme responsible for the production of PGE2 
which induces pyrexia (Vane and Botting, 1987). 
However, the prolonged use of NSAIDs is linked with 
severe effects on the gastrointestinal tract, kidney, and 
cardiovascular system (Traversa, et al., 1995). 
 

The demand for herbal medicine is increasing due to the 
growing recognition of natural products having fewer side 
effects, easily available, better cultural acceptability and 
being comparatively affordable (Kamboj, VP., 2000). 
Castanopnis costata, commonly known as ‘cep-cepan’, 
belongs to the Fagaceae family and is widely distributed 
in Thailand, Borneo, Malaysia, and Sumatera. This plant 
is used traditionally to alleviate various disease symptoms 
such as pain, fever, and inflammation, and the 
pharmacological activities of some extracts of these plants 
have been studied in vitro or in vivo without identifying 
the bioactive components (Alkandahri, et al., 2016; Salim, 
et al., 2017).C. costataare generally rich in flavonoids 
(Alkandahri, et al., 2016; Salim, et al., 2017);a large 
group of polyphenolic compounds, which are ubiquitously 
expressed in plants. These polyphenolic compounds are a 
subgroup of chemically related polyphenols that possess a 
basic 15-carbon skeleton and can be represented as C6-
C3-C6, consisting of two benzene rings (C6) joined by a 
linear three carbon chain (C3) (Pan, et al., 2009). 
 

C. costata are considered to be good sources of 
antioxidants due to the presence of high concentrations of 
polyphenolic compounds (Alkandahri, et al., 2016). 
Antioxidants have the ability to dismutate reactive oxygen 
species (ROS) which are produced by the oxidation 
processes in various cells. Oxidative stress, caused by the 
accumulation of ROS in animal tissues, is a major cause 
of cell damage or death and is considered an instrumental 
process that leads to various cancers and other diseases 
(Valko, et al., 2006).In addition, ROS in low 
concentrations acts as significant cell signaling molecules 
and regulates the biological conditions of cytokines, 
hormones and growth factors. High levels of free radicals, 

however, overcome the normal cellular antioxidant 
defences and end up being cytotoxic to the biological 
system (Fang, FC., 2004). These cumulative ROS are 
associated with a number of diseases including chronic 
inflammatory diseases (Mirshafiey and Mohsenzadegan, 
2008; Nam, et al., 2008; Wang, et al., 2012). ROS have 
also been reported to be involved in the activation of NF-
κB by pro-inflammatory cytokines such as tumor necrosis 
factor (TNF)-α (Fang FC, 2004). Given the importance of 
activated NF-κBin inflammatory disease progression, 
suppression of this protein directly or through inhibition of 
ROS or pro-inflammatory cytokines preferably by 
antioxidants, remain therapeutically important because of 
the ability of the latter to combat pathogenic chain 
reactions initiated by free radicals (Kapewangolo, et al., 
2015). Therefore, the aim of this study was to investigate 
whether the extracts of C. costata showed anti-
inflammatory activity and to analyze some of its chemical 
constituents. 
 

MATERIALS AND METHODS 
 

Plant Determination 
 

Fresh leaves (3.5 kg) of C. costata were collected during 
July (2016) with the help of local herbalists in Namu 
Keling Village, Sumatera Utara and transported to 
Phytochemistry and Pharmacology laboratories, Tjut Nyak 
Dhien University, for cleaning, air drying, milling, and 
extraction. Plant identification was done in the Jatinangor 
Herbarium, Department of Biology, Faculty of 
Mathematics and Science, Padjadjaran University. 
 

Extraction 
 

Cold extraction was obtained by immersing powder of 
simplicia (500 g) in an ethanol 96% at room temperature 
for 5 x 24 hours. Separation of residue and filtrate were 
done every 1 x 24 hours.The filtrate was collected and 
concentrated using a rotary evaporator at 580C. 
 

Animal 
 

Wistaralbino male rats weighing 150-200 g were used for 
the in vivo anti-inflammatory studies. The experimental 
animals were kept in the standard cages in the animal 
house maintained under standard laboratory condition of 
an ambient temperature of 25°C with 12 hours daylight 
and 12 hours darkness cycles. The experimental animals 
were fed on standard rodent pellets and provided with 
water ad libitum. 
 

In Vivo Anti-inflammatory Activity (Winter, etal., 1962) 
 

Thirty Wistar albino ratsof either sex were divided 
randomly into six groups of five rats each and treated as 
follows; Group I (normal control) was not induced with 
inflammation but received 0,5% Na. CMC. Group II 
(negative control) was induced with inflammation and 
received 0,5% DMSO. Group III (positive control) was 
induced with inflammation and received diclofenac 
(reference drug) at a dose of 4,5 mg/kg body weight. 
Groups IV, V and VI (experimental groups) were induced 
with inflammation and received the extracts at the dose 
levels of 62.5 mg/kg, 125 mg/kg and 250 mg/kg body 
weight. This design is summarized in Table 1. 
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Table 1 Treatment protocol for evaluation of anti-
inflammatory activities of ethanol extracts of C. costatain 

Wistar albino rats; Carrageenan = 1%, Na. CMC = 
0,5%w/v 

 

Group Status Treatment 
I Normal control Na. CMC (p.o) 
II Negative control Carrageenan + Na. CMC(p.o) 

III Positive control 
Carrageenan + 4.5 mg/kg BW 
diclofenac (p.o) 

IV 
Experimental 
group A 

Carrageenan + 62.5 mg/kg BW 
extract (p.o) 

V 
Experimental 
group B 

Carrageenan + 125 mg/kg BW 
extract (p.o) 

VI 
Experimental 
group C 

Carrageenan + 250 mg/kg BW 
extract (p.o) 

 

The anti-inflammatory activity of the extracts was 
assessed using carrageenan-induced right paw edema in 
rats. Acute inflammation was induced by subplantar 
injection of 0.05 ml 1% carrageenan in normal saline 30 
minutes after treatment. The change in paw diameter was 
measured using aplethysmometer 30 minutes before 
injection of carrageenan and at 1, 2, 3, 4, 5 and 6 hours 
after induction of inflammation. The average feet swelling 
in test as well as standard groups were compared with that 
of control and the % inhibition of paw edema volume was 
calculated using the formula: 
 

Inflammation (%) =
�����

��
 x 100% 

Where: 
Ct = Paw diameter at t hour after carrageenan 
administration. 
Tt = Paw diameter before carrageenan-induced. 
 

Inhibition (%) =
���

�
 x 100% 

A = % Average inflammation of negative control at time t. 
B = % Average inflammation of treated group at time t. 
 

Data Analyses 
 

The data was subjected to descriptive statistics and 
expressed as mean ± standard error of mean (SEM). One-
way analysis of variance (ANOVA) was used to determine 
whether there was any significant difference between the 
means of different groups. This was followed by Turkey’s 
tests to separate means and obtain the specific significant 
differences among the various treatment groups. The 
values of p<0.05 were considered significant. The data 
was presented in graphs. 
 

RESULTS  
 

The Extraction and Phytochemical Screening  
 

The maceration resulted 7.0 g of viscous ethanol extract of 
C. Costata leaves. Phytochemical screening showed that 
this extract consisted of alkaloids, flavonoids, glycosides, 
glycoside anthraquinones, tannins, and triterpenoids. The 
result is presented in the Table 2. 
 

Table 2 Phytochemical screening of ethanol extractof C. 
costata leaves 

 

No 
Secondary 
metabolite 

Reagent Observation Result 

1 Alkaloids 

Dragendorff (+) Light brown 

(+) Alkaloids 
Bouchardat (+) Dark brown 

Mayer 
(+) Muddy and 

white 

sediment 

2 Flavonoids 
Zn + HCl (p) 

(+) Red (+) Flavonoids 
Mg + HCl (p) 

3 

Glycosides 
Molish (+) Purple ring 

(+) Glycosides 
Fehling A+B 

(+) Brown-red 
sediment 

Non sugar 
Anhydride acetic 

acid + sulfuric acid 
(LB) 

(+) Brown-purple 

4 Saponins Hot water + HCl (-) Bubble (-) Saponins 

5 
Glycoside 

Anthraquinones 
NaOH 

(+) Purple-red in 
NaOH 
layer 

(+) Glycoside 
Anthraquinones

6 Tannins FeCl3 1% (+) Yellow (+) Tannins 

7 Triterpenoids 
Anhydride acetic 

acid + sulfuric acid 
(LB) 

(+) Purple-brown 
(+) 

Triterpenoids 

 

Anti-inflammatory Activity of Ethanol Extract of C. 
Costata Leaves on Carrageenan-Induced Inflammation 
in Wistar Albino Rats 
 

The ethanol extract of C. Costata leaves showed 
significant anti-inflammatory activity on carrageenan-
induced paw edema, which was demonstrated by the 
reduction in inflamed hind paw diameter after extract 
administration ( Figure 2). 
 

 
A 

 
B 

Figure 1 A) Before of carrageenan-induced paw edema; B) After of 
carrageenan-induced paw edema. 

 

 
Figure 2 Percentage of inflammation after administration of ethanol 

extract C. costata leaves. 

In the first hour after treatment, the leaf extract of 
C.costata at the dose level of 62.5, 125, 250 mg/kg and 
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the diclofenac (reference drug) at the dosage of 4.5 mg/kg 
body weight showed anti-inflammatory effect by reducing 
hind paw diameter by 8.59%, 27.10%, 35.88% and 
45.27% respectively (Figure 3). In the sixth hour after 
treatment, the extract at the dose levels of 62.5 mg/kg, 125 
mg/kg, and 250 mg/kg body weight, as well as the 
diclofenac (reference drug) reduced the inflamed hind paw 
diameter by 33.33%, 100%, 100% and 100% respectively 
(Figure 3). The anti-inflammatory activity of the extract at 
the dosage of 125 mg/kg and 250 mg/kg body weight 
showed no significant difference and were comparable to 
diclofenac (reference drug). 
 

 
 

Figure 3 Inhibition of inflammation after administration of ethanol 
extract c.costata leaves. 

 

DISCUSSION 
 

The present study evaluated for the anti-
inflammatoryactivity of ethanolextract of C. costataleaves 
on carrageenan-induced paw edema in rats. Carrageenan, 
dextran, arachidonic acid, dextran, histamine, serotonin 
and formalin-induced paw edema; cotton pellet induced 
granuloma; Freund’s adjuvants are the standard agents for 
causing acute, sub-acute and chronic inflammation 
respectively in animal models (Ismail, et al., 1997; 
Mujumdar and Misar, 2004; Lai, et al., 2009; Kolawole, et 
al., 2013). 
 

The carrageenan-induced inflammation is described as a 
biphasic event in which various mediators operates to 
produce an inflammatory response (Gupta, et al., 2006). 
The first mediators detectable in the early phase (1 hour) 
include histamine, serotonin, and cyclooxygenase. On the 
other hand, the late phase (over 1 hour) is sustained by the 
production of PGE2 and it is mediated by bradykinin and 
leukotrienes (Ravi, et al., 2009; Unnisa and Parven, 2011). 
Inducible nitric oxide synthase (iNOS) and COX-2 
enzyme are responsible for the production of an enormous 
amount of inflammatory mediators (Necas and 
Bartoksikova, 2013; Handy and Moore, 1998). 
Carrageenan-induced inflammation is also associated with 
enhanced levels of the endogenous pyrogenic cytokines 
such as tumor necrosis factor and interleukins (IL-1 and 
IL-6) which act as pro-inflammatory mediators 
(Cuzzocrea, et al., 1999). 
 

The anti-inflammatory activity of ethanol extract of C. 
costata leaves, could be due to the presence of bioactive 
constituents that exhibit anti-inflammatory action. This 
could be through inhibition of inflammatory mediators 
such as prostaglandins, histamine, serotonin, and 
lysosome (Dina, et al., 2010). The qualitative 
phytochemical screening of ethanol extract of C. costata 

leaves indicated the presence of alkaloids, flavonoids, 
glycosides, glycoside anthraquinones, steroids, tannins, 
andtriterpenoids (Table 2). The presence of some these 
bioactive compounds such asalkaloids, flavonoids, 
terpenoids, and steroids have shown to exhibit anti-
inflammatory activity in experimental animals (Bhaskar 
and Balakrishnan, 2009; Di Carlo, et al., 1999). 
 

Flavonoids have been reported to inhibit pro-inflammatory 
mediators such as TNF-α and phospholipase A2 (Bhaskar 
and Balakrishnan, 2009). Furthermore, some flavonoids 
respond by blocking both the cyclooxygenase and 
lipoxygenase pathways of the arachidonate cascade at 
relatively high concentration while at the lower level only 
the lipoxygenase pathway is blocked (Salminen, et al., 
2008). Research findings have revealed that triterpenoids 
suppresses some function of macrophages, neutrophils and 
also inhibit nitric oxide (NO), NF-κB signaling and PGE2 
production responsible for inflammation induction 
(Frantz, et al., 1994). The NF-κB can detect noxious 
stimuli, such as infectious agents, cellular injuries and free 
radicals, and then directs DNA to synthesize inflammatory 
cytokines. Thus, their inhibition leads to management of 
edema (Mencarelli, et al., 2009).  
 

Steroids also attenuate inflammation by inhibiting 
phospholipase A2, which hydrolyzes arachidonic acid 
from membrane phospholipids and subsequent formation 
of prostanoids and leukotrienes via the cyclooxygenase 
and lipoxygenase pathways (Kamau, et al., 
2016).Alkaloids have also been reported to inhibit pro-
inflammatory mediators such asTNF-α, PGE2, MIP-1α, 
MIP-1α productionand mRNA expression of TNF-α, MIP-
1α, COX-2. Suppression of κB phosphorylation, 
subsequent inhibition NF-κB transcriptional activity and 
reductions in mRNA expression (IL-6 and IL-8) and NF-
κB translocation (Yoshikawa, et al., 2006; Zhou, et al., 
2012). 
 

CONCLUSION     
 

The ethanol leaf extract of C.costata showed potent anti-
inflammatory activity on carrageenan-induced paw edema 
in rats. The anti-inflammatory activity of leaf extract of 
C.costata demonstrated a dose-dependent response and 
were comparable to diclofenac (reference drug). The 
extracts were most active at the dose level of 125 mg/kg 
and 250 mg/kg body weight in the sixth hour of treatment. 
The extract of C.costata could be an alternative bio-
resource for generating anti-inflammatory agent. 
However, further studies are necessary to elucidate the 
mechanism behind this effect and their active compounds. 
The present study, scientifically confirms and supports the 
traditional use of C.costata in the management of 
inflammation. 
 

Conflict of Interest 
 

No conflict of interest to declare. 
 

References 
 

Alkandahri MY., Nisriadi L., and Salim E. Secondary 
Metabolites and Antioxidant Activity  ofMethanol 
Extract of Castanopsis costata Leaves. 



International Journal of Current Medical Sciences- Vol 8, Issue, 4(A), pp. 424-429, April, 2018 
 

428 | P a g e  
 

Pharmacology and Clinical  Pharmacy Research. 
2016;1(3):98-102. 

Bhaskar VH., and Balakrishnan N. Analgesic, anti-
inflammatory and antipyretic activities of  
Pergularia daemia and Carissa carandas. J Pharm 
Sci. 2009;17:168-174. 

Calder PC., Albers R., Antoine JM., Blum S., Bourdet-
Sicard R., Ferns GA., et al.  Inflammatory disease 
processes and interactions with nutrition.Br J 
Nutr.2009;101 Suppl 1:S1-45. 

Cuzzocrea S., Sautebin L., De Sarro G., Costantino G., 
Rombola L., et al. Role of IL-6 in the  pleurisy and 
lung injury caused by carrageenan. J Immunol. 
1999;163:5094-5104. 

Di Carlo G., Mascolo N., Izzo AA., and Capasso F. 
Flavonoids: old and new aspects of a class of 
natural therapeutic drug. Life Sci. 1999;65:337-353. 

Dina TA., Rahman MA., Ahmed NU., and Uddin MN. 
Analgesic and anti-inflammatory properties of 
Argyreia argentea methanol extract in animal 
model. Journal of Taibah University for Science. 
2010;3:1-7. 

Fang FC. Antimicrobial reactive oxygen and nitrogen 
species: concepts and controversies. Nat Rev 
Microbiol. 2004;2:820-33. 

Frantz B., Nordby EC., Bren G., Steffan N., Paya CV., 
et al. Calcineurin acts in synergy with PMA to 
inactivate I kappa B/MAD3, an inhibitor of NF-
kappa B. EMBO J. 1994;13: 861-870. 

 
Gupta M., Mazumder UK., Gomathi P., and Selvan VT. 

Antiinflammatory evaluation of leaves of Plumeria 
acuminata. BMC Complement Altern Med. 
2006;6:36. 

Handy RL., and Moore PK. A comparison of the effect 
of L-NAME, 7-NI and L-NIL on carrageenan-
induced hindpaw oedema and NOS activity. Br J 
Pharmacol. 1998;123:1119-1126. 

Ismail TS., Gopalakrishnan S., Begum VH., and Elango 
V. Anti-inflammatory activity of Salacia oblonga 
Wall., and Azima tetracantha Lam. J 
Ethnopharmacol. 1997;56:145-152. 

Kamau JK., Nthiga PM., Mwonjoria JK., Ngeranwa 
JJN., and Ngugi MP. Anti- Inflammatory Activity 
of Methanolic Leaf Extract of KigeliaAfricana 
(Lam.) Benth  and Stem Bark Extract of Acacia 
Hockii De Wild in Mice. J Dev Drugs. 2016;5(2):1-
8. 

Kamboj VP. Herbal medicine. Current Science 
Bangalore. 2000;78:35-38. 

Kapewangolo P., Omolo JJ., Bruwer R., Fonteh P.,and 
Meyer D. Antioxidant and anti- inflammatory 
activity of Ocimum labiatum extract and isolated 
labdane diterpenoid.Journal of Inflammation. 
2015;12(4):1-13. 

Kolawole OT., Akiibinu MO., Ayankunle AA., and 
Awe EO. Evaluation of anti-inflammatory and 
antinociceptive potential of Khaya senegalensis A. 
Juss (Meliaceae) stem bark aqueous extract. British 
Journal of Medicine and Medical Research. 2013; 
3:216-229. 

Lai SC., Peng WH., Huang SC., Ho YL., Huang TH, et 
al. Analgesic and anti-inflammatory activities of 

methanol extract from Desmodium triflorum DC in 
mice. The American Journal of Chinese Medicine. 
2009;37:573-588. 

Medzhitov R. Origin and physiological roles of 
inflammation. Nature. 2008. Jul 24;454(7203):428-
35. 

Mencarelli A., Renga B., Palladino G., Distrutti E., and 
Fiorucci S. The plant sterol attenuates inflammation 
and immune dysfunction in murine models of 
inflammatory bowel disease. Biochemical 
Pharmacology. 2009;78:1214-1223. 

Mirshafiey A., and Mohsenzadegan M. The role of 
reactive oxygen species in immunopathogenesis of 
rheumatoid arthritis. Iran J Allergy Asthma 
Immunol. 2008;7:195-202. 

Mujumdar AM., and Misar AV. Anti-inflammatory 
activity of Jatropha curcas roots in mice and rats. J 
Ethnopharmacol. 2004;90:11-15. 

Nam JS., Cho MH., Lee GT., Park JS., Ahn CW., Cha 
BS., et al. The activation of NFkappaB and AP-1 in 
peripheral blood mononuclear cells isolated from 
patients with diabetic nephropathy. Diabetes Res 
Cinical Pract. 2008;81:25-32. 

Necas J., and Bartosikova L. Carrageenan: a review. 
Veterinarni Medicina. 2013;58:187-205. 

Nordqvist C. 2015. Inflammation: Causes, Symptoms 
and Treatment. Medical News Today.  

Tilley L, Coffman TM, and Koller BH. Mixed 
messages: modulation of inflammation and immune 
responses by prostaglandins and thromboxanes. 
Journal of Clinical Investigation. 2001;108:15-24. 

Pan MH., Lai CS., Dushenkov S., and Ho CT. 
Modulation of Inflammatory Genes by Natural 
Dietary Bioactive Compounds. J. Agric. Food 
Chem. 2009;57:4467-4477. 

Posadas I., Bucci M., Roviezzo F., Rossi A., Parente L., 
et al. Carrageenan-induced mouse paw edema is 
biphasic, age-weight dependent and displays 
differential nitric oxide cycloxygenase-2 
expression. British Journal of Pharmacology. 
2004;142:331-338. 

Ravi V., Saleem TM., Patel SS., Raamamurthy J., and 
Gauthaman K. Anti-inflammatory effect of 
methanolic extract of Solanum nigrum Linn barries. 
International Journal of Applied Research in 
Natural Product. 2009;2:33-36. 

Recio MC., Andujar I., and Rios JL. Anti-inflammatory 
agent from plants: progress and potential. Curr Med 
Chem. 2012;19:2088-2103. 

Salim E., Fatimah C., and Fanny DY. Analgetic 
Activity of Cep-cepan (SaurauiaCauliflora Dc.) 
Leaves Extract.Jurnal Natural. 2017;17(1):31-38. 

Salminen A., Lehtonen M., Suuronen T., Kaarniranta 
K., and Huuskonen J. Terpenoids: natural inhibitors 
of NF-kappaB signaling with anti-inflammatory 
and anticancer potential. Cell Mol Life Sci. 
2008;65:2979-99. 

Tilley L, Coffman TM, and Koller BH. Mixed 
messages: modulation of inflammation and immune 
responses by prostaglandins and thromboxanes. 
Journal of Clinical Investigation. 2001;108:15-24.  

Traversa G., Walker AM., Ippolito FM., Caffari B., 
Capurso L., et al. Gastroduodenal toxicity of 



International Journal of Current Medical Sciences- Vol 8, Issue, 4(A), pp. 424-429, April, 2018 
 

429 | P a g e  
 

different nonsteroidal anti-inflammatory drugs. 
Epidemiology. 1995; 6:49-54. 

Unnisa A., and Parven TD. Anti-inflammatory and 
acute toxicity studies of the extract from the 
rhizoma of Alpinia galanga Willd. Der Pharmacia 
Sinica. 2011; 2:361-367. 

Valko M., Rhodes CJ., Moncol J., Izakovic M., and 
Mazur M. Free radicals, metals and antioxidants in 
oxidative stress-induced cancer. Chem Biol 
Interact. 2006; 160:1-40. 

Vane J., and Botting R. Inflammation and the 
mechanism of action of anti-inflammatory drugs. 
FASEB J. 1987; 1:89-96. 

Wang J., Li G., Wang Z., Zhang X., Yao L., Wang F, et 
al. High glucose-induced expression of 
inflammatory cytokines and reactive oxygen 
species in cultured astrocytes. Neuroscience. 2012; 
202:58-68. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Warden SJ. Prophylactic use of NSAIDs by athletes: a 
risk/benefit assessment. Phys Sportsmed. 
2010;38:132-138. 

Winter CA., Risley EA., and Nuss GW. Carrageenan-
induced edema in hind paw of the rat asan assay for 
anti-inflammatory drugs. Proc Soc Expt Biol Med. 
1962; 111:44-47. 

Yoshikawa H., Kurokawa M., Ozaki N., Nara K., Atou 
K., Takada E., et al. Nicotine inhibits the 
production of pro-inflammatory mediators in 
human monocytes by suppression of IκB 
phosphorylation and NF-κB transcriptional activity 
through nicotinic acetylcholine receptor α7. Clin 
Exp Immunol. 2006; 146:116-123. 

Zhou Y., Zuo X., Li Y., Wang Y., Zhao H., and Xiao X. 
Nicotine inhibits tumor necrosis factor-alpha 
induced IL-6 and IL-8 secretion in fibroblast-like 
synoviocytes from patients with rheumatoid 
arthritis. Rheumatol Int. 2012; 2:97-104. 

 
 
 
 
 
 
 
 

******* 


