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Abstract
Ethnopharmacological relevance: Theobroma cacao L. (Sterculiaceae) is locally known as ‘koko’ and its stem bark is commonly used for the treatment of a variety of inflammatory painful conditions in Nigerian traditional medicine (personal communication).  This study was designed to evaluate anti-inflammatory and anti-nociceptive activities of the ethanol extract of the stem bark of Theobroma cacao (ETC) in rodents.
Materials and methods:Anti-inflammatory activity of ETC was assessed using carrageenan- and formaldehyde -induced paw oedema models in rats. Anti-nociceptive effect of ETC was evaluated utilizing mouse writhing, formalin, tail immersion and Randel Selitto pain models in mice and rats. The animals (6 per group) were treated orally with ETC (250, 500 and 1000 mg/kg body weight) 30 min. before induction of inflammation and nociception. Phytochemical screening for active metabolites and acute toxicity study were also investigated using standard methods. 

Results: Phytochemical screening revealed that ETC contained alkaloids, saponins, terpenoids, flavonoids, cardenolides, steroids and tannins. ETC (250, 500 and 1000 mg/kg, p.o) produced a significant inhibition of oedema formation induced by carrageenan and formaldehyde in rats. ETC also produced a dose-dependent suppression of nociceptive responses induced by acetic acid and formalin in mice. In the Randel Selitto pain model, the extract (250, 500 and 1000 mg/kg, orally) prolonged paw withdrawal latency in both inflamed and non-inflamed hind paw of rats.  However, the extract did not significantly alter the reaction time of mice to noxious heat in the tail immersion test. Acute toxicity study showed that ETC is safe even at a high dose of up to 5,000mg/kg orally in mice. 
Conclusion: The ethanol extract of the stem bark of Theobroma cacao contains phytochemical constituent (s) with anti-inflammatory and anti-nociceptive properties and further support its use for the treatment of ailments associated with inflammation in Nigerian ethnomedicine.
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1. Introduction
Inflammation is regarded as an important signal of ongoing pathological conditions that usually arrest the attention of the patients (van Kempen et al., 2006; Rang et al., 2007). It is associated with tissue injury, which triggers the release of chemical mediators; which in turns causes pain and drives the inflammatory processes.  Rheumatoid arthritis (RA) is one of the most common debilitating chronic inflammatory disorders that are still imposing a major challenge to modern medicine.  RA is known to impair the quality of life of the sufferers and affect the general productivity of the individuals (Ciezaa and Stucki, 2004; Haroon et al., 2007). Inhibition of the release of chemical mediators is the key therapeutic target for the treatment of inflammatory diseases like RA. Therefore, current therapeutic approach in the therapy of RA is generally based on the inhibition of release of inflammatory mediators especially prostaglandins (Roberts and Morrow, 2001).   However, the clinical efficacy of these drugs especially for prolonged use has been compromised by incidence of serious adverse effects such as severe gastrointestinal and cardiovascular complications which necessitates the need to search for newer agents that are safer and more tolerable for the treatment of inflammation and pains (Vane and Botting, 1998; Emery et al., 1999).
 In this context, the search for new medicines are now focused on the development of bioactive compounds from medicinal plants that are generally believed to be safer and cheaper for the treatment of inflammatory disorders (Vandebroek et al., 2004). There are various Nigerian ethno-botanical plants that are widely prescribed by traditional medical practitioners for the management of patients with RA in Nigerian (Talhouk et al., 2007; Akah and Nwambie, 1994). 
Theobroma cacao L, (Sterculiaceae) is commonly known as Cocoa tree with indigenous names as “Koko” in Yoruba and is cultivated in the tropical regions of the world for its nutritional and medicinal values (Wood and Lass, 2001). The leaves, seeds, fruit and root bark of the cocoa tree contain several chemical constituents and the extracts from these parts are used to treat anxiety, malaria, depression, fatigue, fever, coughs, kidney stones, inflammatory disorders, cardiovascular diseases and infections (Ding et al., 2006; Taubert et al., 2007; Mizpah, 2010; Idowu et al., 2010). 

Anti-inflammatory effect and membrane stabilizing activity of the root extract of Theobroma cacao has been reported in literature (Oyedapo et al., 2004; Falade et al., 2005).  Abrokwah et al. (2009) reported a significant increase in total cholesterol, low density lipoprotein (LDL) and a significant increase in the white blood cells, in experimental rats fed with cocoa powder. In vivo antimalarial properties have been established with cocoa powder in P. beghei in murine model (Jaiyeola et al., 2011). Significant suppression of the growth of periodontal pathogenic bacteria by cocoa in concentration- and incubation time-dependent manners and prevention of dental cary have also been reported by some workers (Chinami  et al., 2010).
 Numerous other works have been done (including clinical trials) using cocoa root stem bark (Oyedapo et al., 2004) powder and chocolate consumption as the main foci to demonstrate anti-inflammatory, cardio protective properties of cocoa flavanols ( Monagas et al., 2009) respectively.
Literature survey of previous studies revealed numerous scientific investigations on ethno-medicinal uses of cocoa beans but apparently no information on the use of the stem bark of T. cacao for the treatment of inflammatory disorders. 
 The main objective of the present study was to evaluate the anti-inflammatory and anti-nociceptive activities of the bark extract of T. cacao in animal models in view of its use in the local treatment of some painful inflammatory conditions.
2. Materials and methods
2.1 Laboratory animals 
Male & female Swiss albino mice (18-22 g) and male Wistar rats (150-200 g) used for the study were purchased from the central animal house, University of Ibadan, Nigeria. They were kept in a well-ventilated environment with free access to food (rodent pellets from Ladokun Feeds) and water ad libitum. Experimental protocols were carried out in compliance with the guidelines of the University of Ibadan Ethical Committee on use of laboratory animals (Ethical Approval No:UI-ACUREC/App/2014/007). 
2.2 Drugs and chemicals 
Chemical substances studied in this article
Acetic acid ( BDH, England; PubChem CID: 176), Acetylsalicylic acid (BDH, England; PubChem CID: 2244) Morphine(PubChem CID: 5288826) Ethanol (PubChem CID: 702), Formaldehyde(BDH, England; PubChem CID: 712) and Dimethylsulfoxide (ANALAR, BDH, England; PubChem CID: 679) and Carrageenan were used in the study.
  2.3 Plant materials and extraction procedures 
Plant samples (stem bark) of Theobroma cacao L., were collected from Akungba, Akoko, Ondo State of Nigeria and were identified by Mr. Shasanya, O.S., of the Forestry Research Institute of Nigeria (FRIN), Ibadan, where a voucher specimen (Number FHI 109896) was deposited.  The stem bark was cut into small pieces after washing with water and thereafter dried in an EXCALIBUR® (an electric desiccator) at a temperature of 37oC for 3 days (Rates 2001). The dried plant materials were ground into coarse particles using electric blender and extraction was by cold maceration with 70%v/v ethanol.  One thousand grams of the plant material was soaked in 7.5 L of 70%v/v ethanol for 2 days. The mixture was stirred intermittently (30 minutes) for three hours and allowed to stand at room temperature for 48 hours. The mixture was then filtered and concentrated using a rotary evaporator. The concentrate was dried in a desiccator at a temperature of 37°C. The sample (dried ethanol extract henceforth referred to as ETC) was then stored in airtight container in a freezer till when needed. Reconstitution of ETC for further studies was done using 5% Dimethylsulfoxide (DMSO) in distilled water. 
2.4 Phytochemical screening. 
Ethanol extract of Theobroma cacao stem bark (ETC)was screened for the presence of alkaloids, anthraquinones, cardenolides,  flavonoids,  proteins,  saponins, steroids and  tannins was carried out according standard procedures previously described (Harborne, 1973; Sofowora, 1993; Trease and Evans 2002)
2.5. Acute Toxicity Study
 The method of Lorke, 1983 was employed. The test was done in two batches. Mice (both sexes) weighing 18-22g were randomly allotted to 7 treatment groups. The first batch consisted of 4 groups (n=1); the first 3 groups received 62.5, 125, and 250 mg/kg, while the 4th (the control group) was given 10 mL/kg of 5% DMSO in distilled water. The animals were observed for 48 hours for any toxicity symptoms or mortality. The second stage involved 3 groups (n=3) of using 1000, 29000, and 5000 mg/kg per animal in group 5, 6, and seven respectfully. Experimental procedures were as for the first stage. The choice of doses was guided by an earlier pilot study. Drug administration was by the oral route.  
The doses used in this study were chosen based on the results obtained from preliminary investigations.

2.6 Anti-inflammatory effects of ethanol extract of T. cacao stem bark
2.6.1 Effect on carraageenan-induced acute inflammation
Carraageenan-induced paw oedema in rats was employed as an animal model for the evaluation of anti-inflammatory property of ETC   according to a modified procedure described by Moody et al., 2006.  Twenty five male Wistar rats were randomly allotted to five treatment groups (n=5). The animals in the first group were treated with the vehicle (10 mL/kg of 5% DMSO, p.o) whereas the second, third, fourth groups received ETC (250, 500, and 1000 mg kg, orally). The fifth group received acetylsalicylic acid (ASA) (100 mg/ kg, p.o).  One hour later, each rat received sub-plantar injection of 0.1 ml of 1% carraageenan into the right hind paw  and paw volume was measured  using Plethysmometer (Ugo Basile, Italy) at 3 h after induction of inflammation (Umukoro and Ashorobi, 2006).  The percentage inhibition of inflammation was calculated according to the modification of earlier formula described by Umukoro and Ashorobi, 2006. The increase in paw volume was calculated for each group for each measurement. The increase in paw volume for each group at a particular time was the difference between mean paw volume for that time and the mean paw volume for zero hour for that group. 


The %inhibition was calculated as follow:
(Vo–Vt)/Vo x 100% where Vo is volume of oedema of control (DMSO treated) rats, while Vt is volume of oedema of standard (acetyl salicylic acid) or ETC treated rats at time t.

2.6.2 Effect on sub-acute inflammation induced by formalin  
Formalin-induced sub-acute inflammation model was further employed to evaluate anti-inflammatory property of ETC according to the procedure earlier described by Moody et al., 2006.  Rats were randomly distributed into five treatment groups (n=5). Rats in the first 3 groups were treated with ETC (250, 500 and 1000 mg/kg, orally) while those in groups 4 and 5 received ASA (100 mg/kg, orally.) and DMSO (10 mL/kg, orally) respectively. One hour later, each rat received sub-plantar injection of 20 µL of 2.5%formalin into the right hind paw  and paw volume was measured using Plethysmometer (Ugo Basile, Italy) at 3 h after induction of inflammation (Umukoro and Ashorobi, 2006).  The percentage inhibition of inflammation was calculated according to the formula earlier described (Umukoro and Ashorobi, 2006) 
The %increase in paw volume was calculated as for carrageenan above.

2.7 Analgesic effects of ethanol extract of T. cacao stem bark 
2.7.1 Effect on acetic acid-induced abdominal constrictions   
Analgesic effect of ETC was evaluated using acetic acid-induced abdominal constrictions according to the method of Koster et al., (1959). Male albino mice were randomly allotted to five treatment groups (n=5). Mice in the first 3 groups received ETC (250, 500, 1000 mg/kg, orally.) while those in the fourth and fifth groups were treated with 5% DMSO (10 mL/kg, orally) and ASA (150 mg/kg, orally.) respectively. One hour after treatment, each animal received intra-peritoneal injection of 0.6% acetic acid (10 mL/kg). Thereafter, the number of abdominal constrictions or writhes was measured for a period of 15 minutes after the initial 5 minutes delay.
2.7.2 Effect on noxious heat in the tail immersion test 
The effect of ETC on acute nociception was assessed using the tail immersion pain model as earlier described by Vogel and Vogel (1997). Briefly, about 3 cm portion of the mouse’s tail was dipped in water maintained at a temperature of 55.0 ± 0.5°C. The tail withdrawal latency (s) to the noxious stimulus was measured as the reaction time to pain. Mice were randomly allotted to 6 treatment groups (n=5). Mice in the first 3 groups received ETC (250, 500 and 1000 mg/kg, p.o.) whereas those in the fourth, fifth and sixth groups were pre-treated with 5% DMSO (10 mL/kg, p.o), ASA (150 mg/kg) and morphine (5 mg/kg, intra-peritoneally.) respectively. One hour later, the reaction time to pain was measured and a cut off time of 10 seconds was imposed to prevent tissue damage. 

2.7.3 Effect on formalin-induced nociception in mice   
Formalin-induced paw licking test was also employed as an animal pain model for the evaluation of the analgesic property of ETC according to the procedure described by Correa and Calixto (1993).  Mice were randomly allotted to five treatment groups (n=5). Mice in the first 3 groups were treated with ETC (250, 500 and 1000 mg/kg, orally.) while those in groups 5 and 6 received ASA (150 mg/kg, orally.) and DMSO (10 mL/kg, orally.) respectively. One hour later, each mouse received sub-plantar injection of 20 µL of 2.5% formalin into the right hind paw. The duration of paw licking was recorded for 0-5 minutes and 20-30 minutes after formalin injection.  

2.7.4 Effect on mechanical hyperalgesia in rats
The analgesic activity of ETC was further evaluated using carrageenan-induced mechanical hyperalgesia as previously described by Randall and Selitto (1957). Rats were randomly allotted to six treatment groups (n=5). Rats in groups 1, 2, and 3 were given ETC (250, 500 and 1000 mg/kg, orally.) while those in groups 4, 5 and 6 were given ASA (100 mg/kg, orally), morphine (1 mg/kg, i.p.) and 5% DMSO (10 ml/kg, orally) respectively. One hour later, 0.1 ml of 0.1% carrageenan in sterile normal saline was injected into the sub-plantar surface of each rat right hind paw. Three hours after carrageenan injection, the nociceptive response to mechanical stimulus was determined (Randall and Selitto, 1957). The nociceptive threshold, expressed in grams, was that force applied to the dorsal surface of the normal and inflamed hind paw, which caused each animal to withdraw the paw. The commercial version of Randall and Selitto device, analgesymeter (Ugo Basile, Italy) was used to deliver the mechanical force. A cut-off of 300 g was imposed to avoid tissue damage. 

2.8 Statistical analysis
Data were analysed using Graph Pad Prism software version 4.00 and were expressed as mean ± S.E.M. Statistical analysis was carried out using one way ANOVA, followed by Newman-Keuls Multiple Comparison Test for comparison between groups. P-values less than 0.05 were considered to be statistically significant. 


3. Results
3.1 Phytochemical constituents of the ethanol extract of stem bark of Theobroma cacao
Phytochemical analysis revealed the presence of alkaloids, anthraquinones, cardenolide, flavonoids, protein, saponin, steroids, tannins and terpinoids in ETC. The proportions of each in these constituents are shown in 
Table1.


Table 1 Phytochemical constituents of ethanol extract of Theobroma cacao stem bark
                                                               
	Phytochemical groups
	Amount of constituents (%)

	Alkaloids    
	0.867

	Anthraquinones   
	0.0043

	Cardenolide
	0.105

	Flavonoids
	0.004

	Protein  
	6.380

	Saponin                                                    
	0.312

	Steroids                                                 
	0.029

	Tannins  
	0.023

	Terpinoids
	0.048


      

3.2 Acute toxicity tests
Acute toxicity test carried out in mice revealed that ETC (62.5, 125, 500, 1000, 2000 and 5000 mg/kg, p.o) was well tolerated by the animals as no death was observed at these doses within the experimental period of 48 hr.

3.3 Anti-inflammatory effect of Theobroma cacao 
The increased paw volume induced by 0.1% carrageenan was significantly (p < 0.05) and dose-dependently reduced by ETC (250, 500 and 1000 mg/kg, orally.) in comparison with vehicle, which suggests anti-inflammatory property (Fig 1a & 1b) .  As shown in Fig 2a & 2b, ETC (250, 500 and 1000 mg/kg, orally) also reduced the oedema paw volume induced by formalin, which further indicates anti-inflammatory activity. In a similar manner, ASA (100 mg/kg) also produced a significant reduction in oedema volumes induced by carrageenan or formalin (p < 0.05) inhibition of inflammatory oedema induced by the phlogistic agents (Fig 1a 2a and 3). However, ETC and ASA were more effective against inflammation evoked by carrageenan in rats than that evoked by formalin (Figs 1a & b and Fig2a & b). 
                           

                         
                             
                          Fig 1a Effect of ethanol extract of Theobroma cacao stem bark on
                                    Carrageenan induced Paw Oedema in the rats
                          

















            


                         
Fig 1b   % Oedema inhibition by ethanol extract of Theobroma cacao stem 
                                 bark on Carrageenan induced Oedema in rats


       Fig 2a Effect of ethanol extract of Theobroma cacao stem bark on
                           Formalin-induced Paw Oedema in the rats
        

Fig 2b   % inhibition by ethanol extract of Theobroma cacao stem 
                         bark on Carrageenan induced Oedema in rats

3.4 Anti-nociceptive effects of Theobroma cacao 
The extract (250, 500 and 1000 mg/kg, p.o)  produced a significant and dose-dependent decrease in the number of writhes induced by intra-peritoneal injection of 0.6% acetic acid when compared with control, DMSO(Fig 2).
Although the inhibition of writhing ETC was higher  Furthermore, ETC significantly (p < 0.05) reduced the duration of paw licking during the first phase (neurogenic pain) and the second phase (inflammatory pain) induced by formalin in mice (Fig 4). In addition, ETC (500 and 1000 mg/kg, p.o.) produced a significant (p < 0.05) and dose-dependent increase in paw withdrawal latency in the carrageenan-induced inflamed hind paw of rats when compared with the vehicle.  ETC (500 and 1000 mg/kg) elevated the pain threshold (g) from 72.00±3.46 in the vehicle group to 114.20±6.47* and 121.20±7.26* respectively (Fig 5). However, ETC did not produce any significant increase in the paw withdrawal latency in the non-inflamed hind paw of rats (Fig 5). Moreover, ETC (250-1000 mg/kg, p.o) did not significantly (p > 0.05) alter the tail withdrawal responses to noxious heat in the tail immersion test in comparison with the control. However, morphine (1 mg/kg) significantly (p < 0.05) delayed the reaction time of mice to noxious heat in the tail immersion test (Table 3).
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                                     acetic acid-induced writhes in mice





                            
                                           Fig. 4 Effect of ethanol extract of Theobroma cacao stem bark on                                               
                                            Formalin-induced nociception in mice


                

             
Fig. 5 Effect of ethanol extract of Theobroma cacao stem bark on mechanically        
                         induced nociception in rats

* P < 0.05 indicates significant difference from control
  
Table 3   Effect of ethanol extract of Theobroma cacao stem bark on tail withdrawal responses to              noxious heat in mice
	 Treatment Group
	Dose (mg/kg)
	                 Tail Withdrawal Latency (s)

	
	
	60 min
	90 min
	120 min

	Control
	-
	0.6±0.06
	0.6±0.06
	0.6±0.04

	ETC
	250 
	0.5±0.09
	0.8±0.18
	0.9±0.07

	ETC
	500
	0.5±0.01
	0.6±0.06
	0.8±0.06

	ETC
	1000 
	0.6±0.03
	0.9±0.12
	0.8±0.17

	Aspirin
	100
	0.7±.0.11
	0.6±0.08
	0.6±0.04

	Morphine
	1
	3.0±0.22*
	3.0±0.11*
	2.4±0.15*



Values represent the Mean ± S.E.M for 5 animals per group. *P<0.05 compared to control     (ANOVA followed by Newman-Keuls Multiple Comparison Test).
Discussion
The results of this study revealed that ethanol extract of Theobroma cacao reduced the frequency of abdominal constrictions induced by acetic acid in mice, which suggests analgesic activity. It further produced a dose-dependent inhibition of both the neurogenic and inflammatory pains induced by formalin in mice. The extract also dose-dependently inhibited pain evoked in the carrageenan-inflamed rat hind paw but failed to alter the pain threshold in non-inflamed hind paw of rats. The extract demonstrated inhibitory activity against acute inflammation induced by carrageenan, as shown by reduction of paw oedema volume in rats. It also suppressed inflammatory oedema induced by formalin in rats. Acute toxicity study revealed that the extract was well tolerated by the animals, as no death occurred after oral administration. Phytochemical screening showed that ETC contains alkaloids, anthraquinones, cardinolides, flavonoids, saponins, tannins, terpenoids and steroids.
Acetic acid has been shown to evoke pain by causing necrosis of the peritoneum that trigger the peripheral release of pain mediators (Deraedt et al., 1980). These mediators especially prostaglandins sensitise nociceptors to cause pain (Dray, 1995). Prostaglandins play central role in amplification of pain events associated with tissue injury, as a result of their ability to lower pain threshold to other algogenic substances (Williams and Morley, 1973, Dray, 1995). Thus, inhibition of the release of chemical mediators is the key therapeutic target for the development of drugs with analgesic property like non-steriodal anti-inflammatory drugs (NSAIDs). The inhibitory effect shown by ETC against acetic acid-induced pain suggests the presence of phytochemical substance(s) with analgesic activity. The findings that ETC suppressed the pain episodes produced by formalin further support its analgesic property.
Formalin is known to produce pain, occurring in two phases; neurogenic and inflammatory pains (Ibironke et al., 2009, Zakaria et al., 2006). The neurogenic pain (first phase), which  occurs immediately  after formalin  injection,  is centrally mediated and is due to direct stimulation of nociceptors (Le Bars et al., 2001). However, the inflammatory pain (second phase), which occurs much later, is mediated through the peripheral release of inflammatory mediators and is characterized by local tissue damage (Tjolsen et al., 1992; Hunkaar and Hole, 1987). The NSAIDs are only active against the inflammatory pain whereas morphine-like drugs abolish pain episodes associated with the two phases of the formalin test (Choi et al., 2003; Hunkaar and Hole, 1987; Deraedt et al., 1980). Although ETC inhibited both phases of the formalin-induced pain, its failures to alter the reaction time of mice to noxious heat in the tail immersion test, suggests an action that differs from the opiod analgesics. In addition, the findings that the extract unlike morphine could only inhibited pain in the inflamed rat hind paw further suggest an action that differs from the opioids. The opioids or morphine-like drugs abolish all forms of pain modalities, an action attributed to their ability to raise pain threshold and to alter the patients’ reaction to pain (Gibson and Helme, 2000; Fields, (1985). Therefore, more studies are necessary before any meaningful conclusions can be drawn on how ETC acts to reduce pain in animals. 
The inflammatory effect of carrageenan and formaldehyde is related to the release of a variety of chemical mediators, which cause induction of vasopermeablity that result in oedema (Heller et al., 1998; Nunez-Guillen et al., 1997; Robbins and Cotran 2005; White, 1999). More specifically, acute inflammation produced by carrageenan has been shown to be due to a step-wise release of vasoactive substances such as histamine, bradykinin and serotonin in the early phase and prostaglandins in the late phase (Williams and Morley, 1973). Thus, the appearance of prostaglandins in the late phase of carrageenan-induced oedema further reinforced the notion that prostaglandins are better at potentiating the effects of other mediators of inflammation (Dirosa et al., 1971; Heller et al., 1998; Williams and Morley, 1973;). The clinical efficacy of NSAIDs in the treatment of inflammatory disorders is due to their ability to inhibit biosynthesis of prostaglandins (Emery et al., 2002). Similarly, inflammatory response induced by formaldehyde is mediated through the release of a variety of inflammatory mediators such as histamine, bradykinin, serotonin, prostaglandins, substance p and nitric oxide (Tjolsen et al., 1992). Although more studies are needed before any conclusion may be drawn on how ETC reduces inflammation, the present data suggests inhibition of the release of chemical mediators especially prostaglandins (Heller et al., 1998; Tjolsen et al., 1992). 

Previous studies have established that plants possessing polyphenols or flavonoids, alkaloids, saponins and terpenoids have been found to exhibit anti-inflammatory and analgesic properties (Levy, 1976; Cragg and Newman, 2001). In this study, alkaloids, anthraquinones, cardinolides, flavonoids, saponins, tannins, terpenoids and steroids were present in the ethanol extract of Theobroma cacao stem bark.  However, it remains to be established the likely phytochemical(s) that may account for the analgesic and inflammatory properties exhibited by the ethanol extract of Theobroma cocao.

Conclusion
The results of the study provided experimental evidences that support the usefulness of ETC for the treatment of pain and inflammation in traditional medicine. 
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Paw Oedema Volume (ml)	4.0000000000000022E-2	2.0000000000000011E-2	3.0000000000000002E-2	2.0000000000000011E-2	3.0000000000000002E-2	4.0000000000000022E-2	2.0000000000000011E-2	3.0000000000000002E-2	2.0000000000000011E-2	3.0000000000000002E-2	Control	ETC 250	ETC 500	ETC 1000	ASA 150	1.49	1.36	1.34	1.25	1.33	Treatment (mg/kg)
Paw oedema volume (ml)
% Inhibition	Control	ETC 250	ETC 500	ETC 1000	ASA 150	8.7200000000000006	10.07	16.11	10.74	Treatment (mg/kg)
% Inhibition
Number of Writhes	3.67	1.47	1.9100000000000001	0.51	1.02	3.67	1.47	1.9100000000000001	0.51	1.02	Control	ETC 250	ETC 500	ETC 1000	ASA 150	54.6	45.6	32.200000000000003	26.4	15.8	Treatment (mg/kg)
Number of writhes
First Phase	9.52	3.8299999999999987	0.85000000000000064	3.59	2.0000000000000011E-2	9.52	3.8299999999999987	0.85000000000000064	3.59	2.0000000000000011E-2	Control	ETC 250	ETC 500	ETC 1000	Morphine 5	74.16	46.2	41.39	32.349999999999994	1	Second Phase	2.98	5.31	9.1	5.6199999999999966	4.03	2.98	5.31	9.1	5.6199999999999966	4.03	Control	ETC 250	ETC 500	ETC 1000	Morphine 5	100.4	59.01	47.77	50.720000000000013	40.89	Treatment (mg/kg)
Time (s)
Non-Inflammed Paw	5.24	5.23	4.83	7.17	6.14	7.6899999999999995	5.24	5.23	4.83	7.17	6.14	7.6899999999999995	Control	ETC 250	ETC 500	ETC 1000	ASA 100	Morphine 1	144.80000000000001	146.80000000000001	152.6	156.4	147.6	166	Inflammed Paw	3.46	5.54	6.4700000000000024	7.26	5.75	7.8199999999999985	3.46	5.54	6.4700000000000024	7.26	5.75	7.8199999999999985	Control	ETC 250	ETC 500	ETC 1000	ASA 100	Morphine 1	72	85.8	114.2	121.2	132.80000000000001	185.4	Treatment (mg/kg)
Paw withdrawal latency (g)
Paw Oedema Volume (ml)	3.0000000000000002E-2	4.0000000000000022E-2	2.0000000000000011E-2	4.0000000000000022E-2	3.0000000000000002E-2	3.0000000000000002E-2	4.0000000000000022E-2	2.0000000000000011E-2	4.0000000000000022E-2	3.0000000000000002E-2	Control	ETC 250	ETC 500	ETC 1000	ASA 150	1.5660000000000001	1.276	1.018	0.79200000000000004	0.8380000000000003	Treatment (mg/kg)
Paw oedema volume (ml)
% Inhibition	Control	ETC 250	ETC 500	ETC 1000	ASA 150	18.47	35.03	49.68	46.5	Treatment (mg/kg)
% Inhibition
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