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ABSTRACT 

Present study is an attempt to investigate the antioxidant, anti-inflammatory and analgesic 

activity of the standardized ethyl acetate fraction of the leaves of Myrica esculenta (ME- EtAC) 

along with exploration of morphological, microscopical and physico-chemical characters of 

leaves. Standard WHO procedures were adopted for investigation of microscopical and physico-

chemical characters. The antioxidant activity was investigated by using DPPH radical 

scavenging method, anti-inflammatory activity by Carrageenan induced rat paw edema using 

Albino wistar rats (150-200g) and analgesic activity by using acetic acid-induced writhing and 

tail immersion test on Swiss albino mice (18-22g). Pharmacognostical study revealed the 

presence of various features like covering trichomes, anisocytic type of stomata etc. ME- EtAC 

expressed potent inhibition of DPPH radical scavenging activity (IC 50 of standard recorded 
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as 18.62 µg/mL and that of fraction is 40.95µg/mL) and was found to be effective in treating 

inflammation, equivalent decrease in rat paw volume with respect to standard group; it also 

showed significant analgesic activities in acetic acid-induced writhing test and tail immersion 

test. The outcome of present study reveals the presence of potential antioxidant, analgesic and 

anti inflammatory properties of ME- EtAC which could be exploited further for pharmaceutical 

applications. This study also provides referential information for identification and 

standardization of Myrica esculenta leaf and its extract. 

Keywords: Myrica esculenta, anti-inflammatory, anti-oxidant, analgesic, Physico- chemical, 

Pharmacognostic 

List of abbreviations: ME-EtAc: Ethyl acetate fraction-Myrica esculenta, HPLC-High 

Performance Liquid chromatography; UV: Ultra violet spectroscopy. 

INTRODUCTION 

Herbalism is a conventional medicinal 

practice based on the use of plants and plant 

extracts for treating various ailments. 

According to the World Health Organization 

(WHO), world’s 75% of population is using 

herbs/ medicinal plants for basic healthcare 

needs and there are reports that supports that 

lots of pharmaceutical drugs are derived from 

both nature and ethanobotanical remedies 

[1,2]. As stated by WHO the macroscopic 

and microscopic examination of a medicinal 

plant is the first initiative step towards 

establishing its identity and purity and should 

be accomplished before any tests are 

attempted [3]. 

M. esculenta (Family: Myricaceae, 

Synonym: Myrica nagi, Common names: 

Katphala, Kaphal) is an evergreen dioecious 

plant widely used traditionally by tribes of 

sub Himalayan region. It is native of China, 

Japan, Malaya Islands, West Pakistan and 

Singapore. In India found in states of 

Arunachal Pradesh, Meghalaya, Nagaland, 

Manipur, Mizoram, J&K, Uttrakhand, 

Sikkim and Himachal Pradesh [4-7]. Fruits 

are edible (sweet in taste), ethno botanically 

used in anemia, healing ulcers, pectoral, 

sedative, stomachic, dysentery [7,8], 

decoction of stem bark used ethno 

botanically in chronic bronchitis, chronic 

dysentery [8-10] cough, ear ache [10,11] 

gonorrhea, piles, in fever, as astringent, 

carminative, antiseptic, urinary discharges, 

piles, tumors,  a good snuff in headache, 

collyrium for ophthalmic and other eye 

diseases [12]. The stem bark is also chewed 
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to relieve toothache and a lotion prepared 

from it finds application for washing putrid 

sores [4]. Few reported activities of M. 

esculenta are anti allergic [13], anthelmentic 

[14], antioxidant [15, 16], anticonvulsant, 

analgesic [17], antimicrobial [18], anti-

inflammatory [18, 19] mast cell stabilizing 

[20], anxiolytic [21], ACE inhibitor [22] etc. 

In spite of numerous medicinal uses of M. 

esculenta which have just traditional reports 

and no scientific reports, this research is an 

attempt to evaluate antioxidant, anti- 

inflammatory and wound healing potential of 

leaves of M. esculenta. Also standardization 

parameters for its leaves have not been 

reported. Hence, the present investigation 

also involves results of morphological, 

microscopic and physico-chemical 

characters. 

MATERIALS AND METHODS 

Chemicals and apparatus 

Chemicals and reagents 1, 1-diphenyl-2-

picrylhydrazyl (DPPH), ascorbic acid, 

Carrageenan, Carboxy methyl cellulose, 

Diclofenac, Quercetin, Aluminium chloride, 

Folin-Ciocalteu Reagent, Gallic acid, Sodium 

Carbonate (20 % w/v), Acetyl salicylic acid, 

Ibuprofen, alcohol, chloroform, chloral 

hydrate solution, Pentazocine, Glacial acetic 

acid, phloroglucinol, hydrochloric acid, 

glycerin, sodium hydroxide, petroleum ether, 

ethyl acetate, ethanol. 

Apparatus: Plethysmometer, Compound 

microscope, stage micrometer, glass slide, 

cover slip, watch glass, Bunsen burner,  

Leica DMLS microscope attached with Leitz 

MPS 32 camera, Digital electronic balance, 

Grinding mixer, Hot air oven, sonicator, 

silica crucible, ash less filter paper (Whatman 

no.44), petridish, UV apparatus, stoppered 

conical flask, magnetic stirrer, test tubes, 

soxhlet apparatus, desiccators, distillation 

apparatus, TLC plates, sprayer, China dish, 

Digital electronic weighing instrument, 

chromatographic paper, Beakers. 

Collection and authentication of plant 

material 

 Fresh leaves of M. esculenta were collected 

in September- October 2014 from the District 

Solan, Himachal Pradesh. Leaves were then 

authenticated from the Dr. Y.S Parmar 

University of Horticulture and Forestry, 

Nauni, Solan, H.P. The herbarium sheet of 

the said sample is linked to UHF-Herbarium 

with field book number 12553. 

Processing and solvent extraction 

Leaves were washed and cleaned thoroughly 

and dried under shade for about 15 days. 

Shade dried leaves were coarsely powdered 

with the help of grinding machine. The 

powdered plant material (500 g) was put in to 
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Soxhlet’s extractor (continuous hot 

percolation process) and extracted with 

petroleum ether (60-80oC) to remove fats and 

waxes, further same plant material  extracted 

with ethanol. After exhaustive extraction, the 

ethanolic extract was concentrated under 

reduced pressure at 50–55 °C and was 

adsorbed with silica and subjected to 

fractionation with various solvents like 

chloroform, ethyl acetate & n-butanol. For 

pharmacological studies, a weighed amount 

of ethyl acetate fraction was suspended in a 

1% (w/v) aqueous acacia solution. 

Pharmacognostical studies 

Pharmacognostical evaluations of fresh drug 

including histochemical studies were carried 

out by carrying free hand sections [23, 24]. 

Powder microscopy of pulverized shade-

dried leaf was carried out. Photographs of all 

the microscopic features were taken using 

Swift Ives Camera Lucida. Leaf constants 

and quantitative microscopic methods like 

stomatal number, vein islet number, vein 

termination number etc were carried out 

using Stage and ocular micrometer [24], 

Physicochemical constants [3], organic 

analysis, fluorescence studies were carried 

out [25].  

HPLC profile 

HPLC profile of the ME-EtAC was 

developed as described by Kumar et al. [26]. 

The HPLC profile was carried out on an 

Agilent 1200 series (USA), Eclips XBD C18 

column, 4.6 × 150 mm, 5 μm particle sizes, 

and the temperature was maintained at 25 °C. 

Then, 10 μL of sample was injected into the 

column and eluted with a constant rate of 0.8 

mL/min. HPLC grade water with 0.5 % (v/v) 

glacial acetic acid and acetonitrile (85/15, 

v/v) were used as mobile phase in 85:15 

ratio. The absorbance detector was operated 

at 345 nm. 

In-vitro Antioxidant activity 

Antioxidant activity was evaluated by in-

vitro-DPPH radical scavenging model [27]. 

Scavenging activity of diphenyl-2-

picrylhydrazyl (DPPH) radicals of ME-EtAC 

was measured according to the method 

described by Ayoola et al. Assays were 

performed in 3 mL reaction mixtures 

containing 2.0 mL of 0.1 mM DPPH-ethanol 

solution, 0.1 mL of deionized H2O (as 

control) or test plant extracts and 0.9 mL of 

50 mM Tris-HCl buffer (pH 7.4), After 30 

min of incubation at room temperature, 

absorbancies of the reaction mixtures at 517 

nm were taken. The inhibitory effect of 

DPPH was calculated according to the 

following formula: 
Inhibition (%) = [(Absorbance control–Absorbance 

sample)/Absorbance control] × 100 
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IC50 represents the level where 50% of the 

radicals were scavenged by test samples. 

Animals 

Study was conducted on Male wistar rats 

(150-200g) and swiss albino mice (18-22g). 

The ethical committee of the School of 

Pharmaceutical Sciences, Shoolini 

University, approved all protocols. The 

animals were bred and maintained under 

standard laboratory conditions: temperature 

(25 ± 2 °C) and photoperiod of 12 h. 

Commercial pellet diet (Ashirwad Industries, 

Chandigarh, India) and water were given ad 

libitum. All animals used in experimental 

work received human care. 

Anti-inflammatory activity  

Anti-inflammatory activity was evaluated by 

carrageenan induced rat paw edema [28]. 

Edema was induced by injecting 0.1 ml of 

1.5% (w/v) carrageenan suspension into the 

sub plantar region of the right hind paw of 

the rats. All animals (six per group) were 

given free access to food and water after the 

sub plantar injections. Control group rats (n = 

6) received saline solution (0.9% (w/v), 

NaCl) (2 ml/kg) and the reference group 

received 15 mg/kg indomethacin orally. The 

test groups of rats were treated orally with 

100, 200, 400 mg/kg of the ethyl acetate 

extract 30 min before the carrageenan 

injection. The paw volume was measured 

before administering carrageenan (V0) and 

1.5, 2.5, 3.5, 5.0 and 6.0 h after (Vt). 

Inflammation was calculated as the increase 

in volume (ml) of the paw after treatment 

subtracted of the basal volume. Results were 

expressed as percentage of inhibition of 

edema, calculated according to the following 

formula: 
Percentage inhibition = (Vt − V0) control− (Vt − V0) 
treated×100 
                                                     (Vt − V0) control 

Analgesic activity  

Acetic acid induced writhing 

 Mice (n=6) of control group were treated 

orally with vehicle (3 ml/kg) of 0.3% CMC, 

while those of test groups with ME- EtAC 

(100 and 200 mg/kg) once a day for 5 

consecutive days. Ibuprofen (200 mg/kg, 

oral) was administrated to mice as a positive 

control. Writhing was induced in mice by 

intraperitoneal injection (10 ml/kg) of 0.6% 

acetic acid after1 h of the oral administration 

of tested drugs on the 5th day. The number of 

writhings was counted over a 15 min period 

[29]. 

Tail immersion method 

 Six mice were administered orally with 

vehicle (3 ml/kg), pentazocine (30 mg/kg), 

ME- EtAC (100 and 200 mg/kg). The distal 

part of the tails of the animals was immersed 

in hot water maintained at 55.0 ± 1.0 °C. The 

latency of tail withdrawal was noted as 
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reaction time. A cut off time of 10 sec was 

maintained at 55°C to prevent tissue damage. 

After 30 minutes of treatment the reaction 

time was measured [30]. 

RESULTS  

HPLC fingerprinting of ME-EtAC 

The HPLC chromatogram of ME- EtAC is 

shown in Figure 1. It showed 4 peaks with 

varying retention times (4.44, 10.53, 11.92 

and 21.76) including the presence of 

myriconol (4.44), myricetrin (10.53), 

myricadiol (11.92) and myricetin (21.76).  

Macroscopic characters 

Myrica esculenta is a sub-temperate 

evergreen dioecious tree 3-15m high with 

imparipinnate unipinnate compound leaves 

arranged in alternate manner. Leaves are 

simple, crowded towards the ends of 

branches. Plant picture is given in Figure 2 

and observed morphologic features in Table 

1. 

Microscopic characters 

Myrica esculenta has dorsiventral leaf 

structure. Upper epidermis showed presence 

of non-glandular/ covering, unicellular 

trichomes. Single row of palisade cells was 

found below the layer of epidermis. At the 

midrib region it is absent and is replaced by 

collenchymas cells. Below the layer of 

palisade cells presence of vascular strands 

and spongy parenchyma was noticed. 

Vascular bundles containing xylem and 

phloem were present in midrib portion. 

Trichomes were found to be absent in the 

lower epidermis. Various microscopic 

features observed in transverse section of leaf 

can be seen in Figure 3. 

Surface preparation  

Both upper and lower epidermis comprises of 

polygonal cells with straight or slightly 

arched anticlinal walls. Trichomes are 

simple, unicellular and with a very thin wall. 

Each stoma is surrounded by 2-3 subsidiary 

cells. The leaves have anisocytic type of 

stomata on both surfaces. Stomatal index of 

the lower epidermis is more than the upper 

epidermis. Pictures of minutely observed leaf 

lamina are represented in Figure 4 and 

quantitative details are represented in Table 

2. 

Powder microscopy 

The leaf powder is dark green in color with 

no odor. On microscopical examination, 

powder of leaves showed the presence of 

unicellular trichomes, epidermis, xylem, 

calcium oxalate crystals, starch grains, fibres, 

stomatas. Images are presented in Figure 5. 

Physico-chemical studies  

Different physiochemical parameters were 

determined for the purpose of 

standardization. Parameters like foreign 

matter, moisture content, swelling index, 
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foaming index, ash value and extractive 

value (with water) were calculated and 

summarized in Table 3. The powdered leaves 

and ME-EtAc were subjected to fluorescence 

analysis and results are given in Table 4, 5. 

Leaves of M. esculenta were also analyzed 

for the presence of various inorganic 

elements and calcium, potassium, iron, 

sodium and magnesium found to be present. 

 
 
 
 

 
Figure 1: HPLC fingerprinting of ME- EtAC showing presence of myriconol (4.44), myricetrin (10.53), myricadiol (11.92) 

and myricetin (21.76) in different Rt. The separation was carried out Eclips XBD C18 column, 4.6 ×150 mm, 5 μm 
particle size, and the temperature was maintained at 25 °C. 

 
 
 
 

 
Figure 2: Appearance of plant M. esculenta 
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Table 1: Observation of macroscopic features of M. esculenta 

 
 

 
A-Upper epidermis, B- Covering trichomes, C- Spongy parenchyma, D- Pericycle, E- Xylem, F- Parenchyma, G- 

Collenchyma, H- Lower epidermis, I- Pericycle, J- Phloem, K- Vascular  bundle, L-Palisade cells 

 
Figure 3: Transverse section showing various characters of Myrica esculenta 
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Figure 4: Anisocytic type of stomatas present in leaf of M. esculenta 

Table 2: Leaf constants of Myrica esculenta 

 

 
Figure 5: Powder microscopic features of M. esculenta 
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Table3: Results of physicochemical parameters 

 
 

Table 4: Fluorescence analysis of the powder of M. esculenta leaves at day light, UV 254 and 365 nm 

 
 

Table 5: Fluorescence analysis of the ME- EtAC at day light, UV 254 and 365 nm 

 

Preliminary phytochemical screening  

The results demonstrated the presence of 

flavonoids, alkaloids, glycosides 

(anthraquinone), saponins, tannins 

(condensed), carbohydrates and steroids. 

Percentage yield of successive extracts with 

various solvents like petroleum ether, 

chloroform, ethyl acetate and ethanol were 

also taken into consideration and which are 

tabulated in Table 6.  
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Table 6: Percentage yield of various extracts 

 
Antioxidant activity 

The beneficial effects derived from phenolic 

compounds have been attributed to 

antioxidant activity of ME- EtAC. Total 

phenolic content of plant is recorded as 97.7 

and 92.2 µg/mL given in Table 7. Flavonoids 

are regarded as one of the most widespread 

groups of natural constituents found in 

plants. The values of flavonoid content are 

given in Table 8. Results for DPPH radical 

scavenging potential of ME- EtAC is shown 

through Table 9. 

Effect of ME-EtAC on anti-inflammatory 

activity 

Anti-inflammatory activity of ME- EtAC 

against carrageenan induced paw edema 

shows that the extracts have significant effect 

on inflammation and markedly reduced the 

swelling. It shows that the plant extract have 

significant (P <0.01; P< 0.001) anti-

inflammatory effect and the results were 

compared with Diclofenac 10mg/kg and 

show paw volume reduction. Results are 

tabulated in Table 10. 

Analgesic activity 

Effect of ME-EtAC on writhing reflex of 

mice 

In the writhing test, intraperitoneal injection 

of acetic acid evidently resulted in writhing 

reflexes of mice. ME-EtAC reduced the 

number of writhing responses, in a dose-

dependent manner within 15 min of injection 

of acetic acid. The most significant response 

was observed at 200mg/Kg shown in Figure 

6. 

Effect of ME-EtAC on tail immersion in 

mice 

In tail immersion method the ME-EtAC 

showed dose dependent significant increase 

in tail withdrawal time from 30 min after 

administration. ME-EtAC at 200 mg/kg 

showed significant (p < 0.001) analgesic 

activity after administration. Results are 

tabulated in Table 11. 
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Table 7: Total Phenolic content of ME- EtAC Buch.-Ham 

 
 
 

Table 8: Total Flavanoid content of M. esculenta Buch.-Ham 

 
 

Table 9: DPPH radical scavenging potential of ME- EtAC 
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Table 10: Mean change in paw volume (ml) at different time intervals 

 
Data are mean ± SE;*p<0.05 **p<0.01 and ***p<0.001 compared with control group determined by one-way ANOVA. 

 
Figure 6: Effects of ME- EtAC on writhing reflex of mice in the writhing test. When mice were intraperitoneally injected 
with 1% acetic acid (10 ml/kg), the writhing times were counted immediately for 15 min. The experiment was repeated 

two times. Data are presented as mean ±SD, n=5. *p<0.05, **p<0.01, significance versus control 
 
 

Table 11: Effects of ME-EtAC on tail immersion assay. When tail was dipped in hot water, the cut off time was 10 
seconds. The experiment was repeated two times. Data are presented as mean ±SE, n=5. *p<0.05, **p<0.01, ***p<0.001 

significance versus control 
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CONCLUSIONS  

The present study introduces the HPLC 

fingerprinting data of the ethyl acetate extract 

of leaves of Myrica esculenta which will 

furnish useful information for its 

identification. Morphological, microscopic 

and physicochemical measures discussed 

herein can be regarded as identifying 

parameters to substantiate and authenticate 

the drug. 
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