



Pharmacognostical studies and Evaluation of Anti-inflammatory and Antinociceptive activity of Artocarpus lakoocha fruit extracts.
ABSTRACT

Artocarpus lakoochaRoxb.,belonging to family Moraceae is a valuable tropical tree species native to India. A detailed pharmacognostic study on the fruits of Artocarpus lakoochawas carried out.This study includes preparation of different extracts by successive solvent extraction. Fluorescence analysis of different extractswas noted under UV light and ordinary light.Different physicochemical parameters such as, extractive value, loss on drying,ash valuewas carried out.Preliminary phytochemical evaluation for different extract shows the presence of glycosides, carbohydrates, steroids, saponins, Fixed oils & Fats and phenolic compound. Extracts of Artocarpus lakoocha were tested for anti-inflammatory and analgesic activities. The analgesic activitywas carried out using hot plate, tail flick and tail immersion methodswith the help of petroleum ether, chloroform and ethanolic extracts.The anti-inflammatory activitieswere carried out using carrageenan -induced hind paw edema model of same extracts.In all the methods studied, the chloroform extract at dose of 400mg/kg, body weight, p.o. was found to be most active among all the test extracts.
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1. INTRODUCTION

Inflammation is a pathophysiologicalresponse of living tissue to injury thatleads to local accumulation of plasmaticfluid and blood cells. Although it is adefense mechanism that helps to protect the body against infection, allergens, burns, toxic chemicals or other noxiousstimuli, the mediators and complex events are involved in the inflammatory reaction caninduce, maintain or aggravate many diseases. According to InternationalAssociation for the Study of Pain (IASP) has been defined that pain asan unpleasant sensory and emotionalexperience associated with actual or potentialtissue damage. Pain ismorally and ethically unacceptable if failure to relieving from them.The class of drugs that are currently used for the management of pain are opioids or nonopioids and that for inflammatory conditions are corticosteroids and non-steroidal anti-inflammatory drugs (NSAIDs). All these drugs carry potential toxic effects. Major toxic effect is that risk of gastrointestinal bleedingwas significantly associated with acuteuse of non-steroidal anti-inflammatorydrugs (NSAIDs) like regular-dose of aspirin, ketorolac, diclofenac, naproxen or nimesulide are suggest in one study. The drug which increased the risk of bleeding inboth acute and chronic therapy is Piroxicam. The most commonly used drugs for themanagement of acute postoperative pain are Opioids.
Artocarpus lakoochaRoxb., a member of the family Moraceae, is a valuable tropical tree, which is used traditionally for an assortment of therapeutic purposes. Some phytoconstituents are reported of this plant are include β-sitosterol, lupeol, cycloartenol, α-amyrin, cycloartenyl acetate, artocarpin (lectin), nor-artocarpin, nor-cycloartocarpin, cycloartocarpin, resorcinol, oxyresveratrol and quercetin. Artocarpus lakoocha fruit juice are used in combination with other antiseptic herbs, which is used externally for treating arthritic swellings, obstinate skin diseases and for cleansing wounds. Regarding thisthere is no systematic study has been reported till date. In the present study, the analgesicandanti-inflammatory activity of the fruits of plant has been attempted to establish the scientific validity.
2. MATERIALS AND METHODS
2.1 Plant material 
Artocarpus lakoochaFruits were collected from LALGANJ (U.P.), India and were certified at the National Botanical Research Institute, Lucknow havingRef. No. NBRI/CIF/188/2011/III). 
2.2 Preparation of plant Extract
The fruit material was dried under shade and powdered using a homogenizer. The powdered material was treated with petroleum ether (40-60°C) for defatting and it was extractedsuccessivelywith chloroform, ethanol and water.All the extracts weredried under vacuum condition. All the dried extracts were investigated for the presence of several chemical constituents like alkaloids, steroids,saponin, glycosides, flavonoids, phenolic compounds and proteins using standard procedures (9). 
2.3 Pharmacognostic studies

Pharmacognostic studies are including macroscopic, physico‐chemical, and preliminary phytochemical studies. The physico‐chemical parameters like determination of moisture content, percentage extractives indifferent solvents, ash content, acid insoluble ash, water soluble ash,solubility in water and alcohol, loss on drying at 110ºC, volatile oil,fiber content etc. were determined by standard methods. The ashobtained was subjected to inorganic qualitative analysis. Thefluorescence characters of the plant material in different solventswere observed using visible, short UV and long UV light. Thepreliminary phytochemical tests were carried out using different extracts of the plant material by standard methods (10-14). 
2.4 Animals

In the present biologicalactivity Male albino mice (25-30 g) were used, mice were procured from the Animal House, Babu Banarasi Das Northern India Institute of Technology, Lucknow, India. The animals were fed with standard diet and water. All the mice were acclimatized for a week before use, maintained atroom temperature 27(2°Cand standard conditions, relative humidity was maintained 55(5 %, having 12 hrs light/dark cycles. The protocol for experiment was scrutinized and approved by the Institutional Animal Ethics Committee having Reference number BBDGEI/IAEC/10/2011). All the experiments related to biological activity were conducted according to standard guidelines of Animal Ethics Committee.
2.5 Experimental design
2.5.1Analgesic activity (15-17)
Male albino mice, weighing between 25-30 g, were divided into eight groups of five animals each. Group I received 0.5% CMC (control), test group (group II-VII) received chloroform, ethanolic and aqueous extracts (at the doses of 200 and 400 mg/kg, p.o.) and Diclofenac sodium (at the dose of 10 mg/kg body weight) was used as standard.
2.5.1.1 Hot plate method 
Mice were kept on a hot plate (55±0.5oC), the response time was observed with respect tojumping and forepaw licking.The response time was recorded at 30, 60, 90, 120 minutes interval, after administration of the extract or the standard drug (Diclofenac sodium at dosage of 10 mg/kg body weight, p.o.) to observe the onset and duration of action. The vehicle, standard drug and extracts were administered to  mice  and after completion of one hour mice were placed individuallyon the hot plate of the Analgesiometer which was  maintained at 55 0C. Analgesic activity was determined by comparing with the control group.  
2.5.1.2 Tail-flick method:
Male mice with an initial weight of 25 to 30 g were used for each dose. Before administration of the test compound or the standard the normal reaction time was determined. The animal was put into a small cage with an opening for the tail at the rear wall. By opening of a shutter, a light beam exerting radiant heat was directed to the proximal third of the tail. The test compounds and the standard are administered orally. The animals were observed to the same testing procedure after 30, 60, 90 and 120 min. For each individual animal the reaction time was noted. 
2.5.1.3 Tail immersion method:
The lower portion of the tail was immersed in a beaker of water maintained at 55±0.5 °C. The time in sec. for tail withdrawal from the water was taken as the reaction time. The reaction time was measured at 30, 60, 90 and120 minutes after oral administration of test extracts and standard.
2.5.2Anti-inflammatory activity (18-19)
Carrageenaninduced paw edema in rat
Male albino rats, weighing between 100-150 g, were divided into eight groups of five animals each. The animals were starved overnight. The rats were received 0.5% CMC (control), chloroform, ethanolic and aqueous extracts (at the doses of 200 and 400 mg/kg, p.o.) and Ibuprofen (standard). Thirty minutes later, the rats were challenged by a subcutaneous injection of 0.05 ml of 1% solution of carrageenan into the plantar side of the left hind paw. The paw was marked with ink at the level of the lateral malleolus and immersed in mercury up to this mark. The increase of paw volume after 1, 3, 5 and 7 hours was measuredby plethysmograph. The difference of the average values between treated animals and control groups is calculated for each time interval. The percentage inhibition for each group was calculated as follows:
             Inhibition (%) =        C0 - Ct

                                                   C0

        C0= mean edema of control group

        Ct= mean edema of test group 
Statistical analysis

All the values obtained from biological activity are expressed as mean ( SEM for five mice. Statistical analysis was carried out using Instat software package (version 3.0). Statistical significance was assessed by One-way ANOVA followed by Dunnett’s Test. 
3. RESULTS

3.1 Pharmacognostic standardization fruits of Artocarpus lakoocha.

3.1.1 Macroscopic characterization
Macroscopical studies of fruits were done by naked eye and shape, color and odour of fruits were determined. Fruits ofArtocarpus lakoochawereBrownish-green colour with charactersticodour.5-7.5 cm. in diameter,smooth, globose.
3.1.2 Physico-chemical evaluation 
Physicochemical features of powdered drug were evaluated and reported as total ash, water-soluble ash and acid-insoluble ash values. Water-soluble and Alcohol extractive values were determined to find out the quantity of water and alcohol soluble constituents. At 110ºC, Loss on drying was  determined (Table 1). 
Table1. Physico-chemical Analysis of Fruit of Artocarpus lakoocha.
	S. No.
	
	Physico-chemical Parameters
	Average value (%w/w)

	i.
	
	Total ash
	7.22±0.03

	ii.
	
	Acid insoluble ash
	3.10±0.01

	iii.
	
	Alcohol extractive values
	3.87±0.81

	iv.
	
	Water extractive values
	5.69 ±0.16

	v.
	
	Loss on drying
	13.90 ±0.48


3.1.3 Preliminary phytochemical screening 
Coarse powder of the bark and fruit (25 g) were subjected to soxhlet for successive solvent extraction. Extracts were concentrated, dried and percentage yield was calculated (Table 2) and subjected to various chemical tests to detect the presence of different phytoconstituents (Table3).
Table 2: Preliminary Phyto profile for Fruit Extracts of Artocarpus lakoocha.
	S. No.
	Name of extract
	Colour
	Physical state
	
	Percentage yield w/w

	1.
	Petroleum ether extract
	Orange
	Sticky
	
	4.98 %

	2.
	Chloroform extract
	Brown
	Sticky
	
	1.98 %

	3.
	Ethyl acetate extract
	Reddish-brown
	Sticky
	
	1.1 %

	4.
	Acetone extract
	Yellowish-brown
	Sticky
	
	1.2 %

	5.
	Ethanolic extract
	Black
	Powder
	
	11.57 %

	6.
	Methanolic extract
	Light-brown
	Powder
	
	10.1 %

	7.
	Aqueous extract
	Black
	Powder
	
	14.35%


Table 3: Preliminary Phytochemical Studies of Different Extracts of Artocarpus lakoocha Fruit.
	Class of compounds
	
	Petroleum ether extract
	Chloroform extract
	Ethyl acetate extract
	Acetone extract
	Ethanol extract
	Methanol extract
	Aqueous extract

	Alkaloids
	
	-
	-
	-
	-
	+
	+
	-

	Glycosides
	
	-
	-
	-
	-
	+
	+
	-

	Steroids
	
	+
	+
	+
	+
	+
	+
	-

	Saponins
	
	-
	-
	-
	-
	+
	+
	+

	Flavonoids
	
	+
	-
	-
	+
	-
	-
	-

	Carbohydrates
	
	+
	+
	+
	+
	+
	+
	+

	Proteins
	
	-
	+
	+
	+
	+
	+
	+

	Amino acids
	
	-
	-
	-
	-
	-
	-
	-

	Lipids 
	
	+
	-
	-
	-
	-
	-
	-

	Phenolics
	
	-
	-
	-
	-
	-
	+
	-

	
	
	
	
	
	
	
	
	


Indication: (+) = Present, (–) = Absent.
3.1.4 Fluorescence characters 
Fluorescence characters of the fruit extracts, under ordinary light and UV light were determined (Table 4).
Table 4: Fluorescence Characteristics of Different Extract of Fruits of Artocarpus lakoocha.
	S. No.
	Name of Extracts
	Under ordinary light
	Under UV light

	1.
	Petroleum ether extract
	Orange
	Yellow

	2.
	Chloroform extract
	Brown
	Brown

	3.
	Ethyl acetate extract
	Reddish-brown
	Black

	4.
	Acetone extract
	Yellowish-brown
	Light-green

	5.
	Ethanolic extract
	Black
	Black

	6.
	Methanolic extract
	Light-brown
	Brownish-green

	7.
	Aqueous extract
	Black
	Black


3.2 Analgesic activity:
The analgesic activity of petroleum ether, chloroform and ethanolic extracts were carried out using hot plate, tail flick and tail immersion methods. Among all test extracts, the chloroform extract at dose of 400mg/kg, body weight, p.o. exhibited significant analgesic activity in all the methods studied (Table 5-7).
Table 5Analgesic Activity (Hot Plate Method) of Artocarpus lakoocha FruitExtracts in Mice. 

	Group
	
	Mean basal time before drug admin. (sec.)
	
	Mean reaction time after drug administration (sec.)

	
	
	
	
	30 min
	60 min
	
	90 min
	120 min

	I
	
	2.48± 0.009
	
	2.49± 0.001
	2.50± 0.002
	
	2.49± 0.001
	2.51±0.01

	II
	
	2.60± 0.01
	
	2.63± 0.01
	2.69± 0.01
	
	2.91± 0.009
	2.99± 0.01*

	III
	
	2.52± 0.05
	
	2.59± 0.002
	2.64± 0.003*
	
	2.78± 0.03*
	2.80± 0.003*

	IV
	
	2.49± 0.011
	
	2.56± 0.007
	2.66± 0.04*
	
	2.69± 0.002*
	2.72± 0.02*

	V
	
	2.46± 0.04
	
	2.58± 0.01
	2.67± 0.01*
	
	2.70± 0.01**
	2.76± 0.001**

	VI
	
	2.45± 0.01
	
	2.49± 0.012
	2.53± 0.01
	
	2.59± 0.011
	2.62± 0.01*

	VII
	
	2.51± 0.02
	
	2.56± 0.04
	2.58± 0.03
	
	2.62± 0.01*
	2.63± 0.01*

	VIII
	
	2.50± 0.01
	
	2.62± 0.01*
	2.69± 0.07**
	
	3.20± 0.014**
	3.20± 0.01*


Data are expressed as Mean ± S.E.M, n = 5 in each group, Statistical analysis done by one way ANOVA followed by Dunnett’s test. * P<0.05 compared to control group, **P<0.01 compared to control group.
Table 6: Analgesic Activity (Tail-Flick Method) of Artocarpus lakoocha Fruit Extracts in Mice.

	Group
	Mean basal time before drug admin. (sec.)
	
	Mean reaction time after drug administration (sec.)

	
	
	
	30 min
	
	60 min
	90 min
	
	120 min

	I
	3.42± 0.009
	
	3.43± 0.009
	
	3.42± 0.008
	3.43± 0.008
	
	3.44± 0.006

	II
	3.38± 0.011
	
	3.41± 0.01
	
	3.46± 0.008
	3.51± 0.01
	
	3.53± 0.014*

	III
	3.36± 0.011
	
	3.43± 0.012
	
	3.49± 0.007*
	3.57± 0.021*
	
	3.61± 0.021*

	IV
	3.34± 0.012
	
	3.46± 0.013
	
	3.52± 0.021*
	3.60± 0.022*
	
	3.64± 0.14**

	V
	3.35± 0.01
	
	3.49± 0.013
	
	3.57± 0.021*
	3.67± 0.01**
	
	3.70± 0.13**

	VI
	3.40± 0.014
	
	3.45± 0.008
	
	3.49± 0.007
	3.51± 0.014
	
	3.52± 0.011*

	VII
	3.28± 0.012
	
	3.31± 0.13
	
	3.40± 0.01
	3.40± 0.01*
	
	3.44± 0.01*

	VIII
	3.52± 0.008
	
	3.64± 0.09*
	
	3.79± 0.04**
	3.87± 0.01**
	
	3.89± 0.016*


Data are expressed as Mean ± S.E.M, n = 5 in each group, Statistical analysis done by one way ANOVA followed by Dunnett’s test. * P<0.05 compared to control group, **P<0.01 compared to control group.
Table 7; Analgesic Activity (Tail-Immersion Method) of Artocarpus lakoocha FruitExtracts in Mice. 
	Group
	Mean basal time before drug admin. (sec.)
	Mean reaction time after drug administration (sec.)

	
	
	30 min
	60 min
	90 min
	120 min

	I
	5.82± 0.001
	5.81± 0.01
	5.80± 0.001
	5.82± 0.001
	5.81± 0.001

	II
	5.77± 0.007
	5.80± 0.007
	5.82± 0.008
	5.89± 0.007
	5.91± 0.007*

	III
	5.74± 0.012
	5.82± 0.007
	5.86± 0.01*
	5.90± 0.008*
	5.93± 0.012*

	IV
	5.73± 0.011
	5.81± 0.01
	5.87± 0.012*
	5.92± 0.007*
	5.93± 0.021**

	V
	5.80± 0.009
	5.89± 0.009
	5.98± 0.007*
	6.03± 0.01*
	6.07± 0.011**

	VI
	4.87± 0.012
	4.89± 0.022
	4.93± 0.01
	4.98± 0.01
	5.01± 0.013*

	VII
	4.91± 0.001
	4.97± 0.012
	5.01± 0.013
	5.11± 0.012*
	5.14± 0.011*

	VIII
	5.78± 0.007
	5.88± 0.09*
	5.90± 0.01**
	5.98± 0.21**
	5.99± 0.021*


Data are expressed as Mean ± S.E.M, n = 5 in each group, Statistical analysis done by one way ANOVA followed by Dunnett’s test.* P<0.05 compared to control group, **P<0.01 compared to control group.

3.3 Anti-inflammatory activity:

The anti-inflammatory activity of petroleum ether, chloroform and ethanolic extracts were carried out using caragennan-induced hind paw edema model. Among all test extracts, the chloroform extract at dose of 400mg/kg, body weight, p.o. was found to be most active which showed 69.87% inhibition of edema (Table8).
Table 8 Effect of Artocarpus lakoocha Fruit Extracts on Mean Paw Edema and Percent Inhibition of Edema in Rats.
	Group
	Mean paw edema (ml)
	Percent inhibition of edema

	
	1h
	3 hrs.
	
	5 hrs.
	7 hrs.
	1h
	3 hrs.
	5 hrs.
	7 hrs.

	I
	0.48±0.005
	0.62±0.02
	
	0.86±0.009
	0.83±0.01
	-
	-
	-
	-

	II
	0.44±0.01
	0.55±0.08
	
	0.76±0.002
	0.72±0.12
	8.16%
	11.11%
	11.49%
	13.25%

	III
	0.42±0.01
	0.53±0.014
	
	0.68±0.05*
	0.63±0.01
	12.24%
	14.20%
	20.68%*
	24.09%

	IV
	0.35±0.02
	0.39±0.01
	
	0.35±0.01*
	0.32±0.01*
	26.53%
	36.50%
	58.62%*
	61.44%*

	V
	0.35±0.01
	0.36±0.13*
	
	0.24±0.12**
	0.24±0.11**
	26.55%
	41.93%*
	63.26%**
	69.87%**

	VI
	0.39±0.007
	0.48±0.01
	
	0.53±0.10
	0.49±0.05
	18.36%
	22.23%
	37.93%
	40.96%

	VII
	0.38±0.08
	0.47±0.01
	
	0.52±0.11
	0.47±0.003*
	20.40%
	23.80%
	39.08%
	41.58%*

	VIII
	0.32±0.005*
	0.33±0.03*  *
	
	0.49±0.002*
	0.49±0.01
	31.32%*
	45.21%**
	42.28%*
	39.94%


Data are expressed as Mean ± S.E.M, n = 5 in each group, Statistical analysis done by one way ANOVA followed by Dunnett’s test. * P<0.05 compared to control group, **P<0.01 compared to control group.
4. DISCUSSION

4.1 Pharmacognostic standardization fruits of Artocarpus lakoocha
The fruits of Artocarpus lakoochawere subjected to Preliminary physicochemical and phytochemical analysis which was found to be very promising. Fluorescence characters were observed under ordinary light and UV light.Physicochemical parameters ofthe fruit powder were also determined. The ash value gives an idea of the earthy matter or the inorganic composition and other impurities present along with the drug. The percentage of total ash, acid insoluble ash, and water-soluble ash are carried out. Extractive values were also determined which are primarily useful for the determination of exhausted or adulterated drugs.The water-soluble extractive value was emphasizing the presence of acid, sugarand inorganic compounds.The alcohol soluble extractive values indicate the presence of polar constituents like phenols, steroids, glycosides,flavonoids. The preliminary Phyto–profiling for the fruit extracts of Artocarpus lakoocha was carried out wherein the consistency was found to be sticky in the non-polar solvent. Whereas the polar solvent extracts were found to be non-sticky. The percentage yieldof the extracts were also calculated wherein the highest yield was found to be in the aqueous extract-14.35%. The preliminary phytochemical screening revealed the presence ofcarbohydrates, saponins, phytosterols and phenolic compounds.
4.2 Anti-inflammatory and analgesic activity:
The inflammation is a complex process, which is frequently associated with pain and involves several events, such as: the increase vascular permeability, increase of granulocytes and mononuclear cell migration, as well as the granulomatous tissue proliferation.Anti-inflammatory compounds can act on many steps of pathophysiological process. For example, a compound might block the biosynthesis of proinflammatory mediators by direct interaction with a key enzyme (eg. Inhibition of COX-2) or by decreasing enzyme expression (eg. Steroidal anti-inflammatory compound) or by reducing substrate levels (eg. Decrease of arachidonic acid releasing). In addition, a compound can either act by inhibiting the release of preformed stored mediators (eg. Histamine release) or by blocking mediator receptor interaction on target cells (eg. Histamine receptor antagonists). An anti-inflammatory compound may also act by immunostimulation (eg. Maturation of myeloid cells or stimulation of phagocytosis) that in turn promotes an increase removal of the insulating signal molecules, which results in less aggressive inflammatory response to allergen challenge (20).Several experimental protocols of inflammation and pain are used for evaluating the potency of drugs. In the present study, the evaluation of anti-inflammatory and analgesic effects was undertaken using different animal models to fully investigate the potential of Artocarpus lakoocha to be used in the treatment of inflammatory disorders.Carrageenan-induced paw edema, the most widely used primary test for the screening of new anti-inflammatory agent, is an experimental animal model for acute inflammation and it is believed to be biphasic. The early phase (1-2 h) of this assay is mainly mediated by histamine, serotonin and an increasing synthesis of prostaglandins in the damaged tissue surroundings. The late phase is sustained by prostaglandin release (21).Prostaglandins are metabolites of arachidonic acid, which are synthesized and released by most cell types, and cyclooxygenase (COX) enzymes catalyze the first steps in the biosynthesis of prostaglandins. COX-2 is often referred to as the inducible isoform of COX, since levels of COX-2 increase in response to several forms of stimulus, including inflammation process in different types of tissue (22).  In contrast, COX-1 which is the constitutive form of COX appears to be involved in housekeeping cellular function (23). The obtained results indicated that Artocarpus lakoochacrude extract, inhibited significantly the formation of the carragenan-induced rat paw edema, measured in the fifth and seventh hour of the experiment.
The analgesic activity of petroleum ether, chloroform and ethanolic extracts were carried out using hot plate, tail flick and tail immersion methods. Among all test extracts, the chloroform extract at dose of 400mg/kg, body weight, p.o. exhibited significant analgesic activity in all the methods studied. Pain and inflammation are associated with pathology ofvarious clinical conditions like arthritis, cancer, and vasculardiseases [24]. In various traditional medicinal systems, anumber of natural products are used to relieve the symptomsof pain. The fruit extracts of Artocarpus lakoochaexhibited significant analgesic activityin different animal models of pain. The hot plate method hasbeen found to be suitable for evaluation of centrally actinganalgesics [25]. The nociceptors seem to be sensitized bysensory nerves. The involvement of endogenous substancessuch as Prostaglandins may be minimized by this model. In centrally acting analgesic methods, the extract of 200 mg/kg dose wasfound to be significantly effective. 
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