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a b s t r a c t

In this present study, phytochemical screening, anti-ulcer assay, anti-diarrhea assay, anti-inflammatory
assay, analgesic assay, lipase activity assay, amylase activity assay and the anti-bacterial activity of Euca-
lyptus camaladulensis Dehnh leaf extracted with methanol and 50% ethanol was analyzed for biological
significance. Physical characterization of the non-volatile component revealed the higher yield of 16.92% in
50% ethanol expediting the use of 50% ethanol as a better alternative. Further use of crude extract revealed
33.89% (IC50¼ 1.44mg/ml) of a-amylase inhibition by methanol extract and 33.87% (IC50¼ 3.21mg/ml)
lipase inhibition by 50% ethanol extract. Furthermore, 44.44% protective ratio towards ulcer was observed
with the methanol extract, whereas 54.58% anti-inflammatory activity was shown by the 50% ethanol
extract. The effectiveness of the extract was further enhanced by the presence of 62.54% motility and best
analgesic property at 180min of the exposure of the extract orally. The antioxidant activity of crude
methanol extract revealed an IC50 value 601.8 mg/ml whereas, ethanol extract showed 1279.58 mg/ml in
DPPH assay. Result revealed several health benefits of E. camaldulensis Dehnh leaf.
© 2018 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Eucalyptus camaldulensis Dehnh also known as “red gum” is
native to Australian mainland.1 In Nepal it is commonly known as
Masala tree and widespread in the Siwalik region of Nepal. It be-
longs to the family Myrtacease and planted in many different
countries worldwide. It has been reported that around 800 species
of Eucalyptus distribution worldwide.2 In Nepal Eucalyptus grandis
(E. grandis), Eucalyptus globulus (E. globulus) and Eucalyptus cama-
ladulensis Dehnh (E. camaladulensis Dehnh) were successfully
grown at different altitude.3 E. camaldulensis is the medium-sized
tree, growing up to 30m tall and are highly adaptive to an
extreme condition like drought. The member of this genus have
been reported to have a diverse secondary metabolites possessing
different biological activities.4
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Natural human antioxidant defense are not always sufficient to
maintain the equilibrium between ROS generation and degrada-
tion.5 Excessive generation of ROS is associated with cancer, car-
diovascular diseases and inflammatory diseases.6 Plants are huge
source of bioactive secondary metabolites such as glycosides, sa-
ponins, flavonoids, steroids, tannins, alkaloids and terpenes, which
act as strong antioxidant to protect body from oxidative damage.7

These secondary metabolites have shown several biological activ-
ities such as antibacterial, antioxidant, anti-inflammatory, anti-
ulcer, analgesic and also used for the treatment of diabetes. The
peptic ulcer is one of the common gastrointestinal diseases, which
are characterized by the presence of mucosal damage caused by
infection with Helicobacter pylori. Further, induced by factors like
stress, smoking, and alcohol consumption as well as caused by the
adverse effect of drugs.8,9 Plants rich in tannins are used for the
treatment of gastric ulcers as tannins react with tissue proteins to
form a protective layer over injured epithelial tissues of the stom-
ach and promote healing process.10 Inflammation is an immune
response of the body against pathogens, evoking inflammatory
cells like macrophages, neutrophils, monocytes, dendritic and mast
tion and hosting by Elsevier Taiwan LLC. This is an open access article under the CC
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cells to form ‘inflammatory microenvironment' at the site of
infection or wound to restore cellular or organ repair process.11

Excessive activation of pro-inflammatory cytokines like
Interleukin-6(IL-6) and Tumour Necrosis Factor (TNF-a) may cause
inflammatory disorders like rheumatoid arthritis, asthma, and
atherosclerosis caused by the production of free radical species.12

Non-steroidal and anti-inflammatory drugs (NSAIDs) are
currently is practice for prevention of inflammation. However, it is
not effective against different types of inflammations and also
caused the adverse side-effects leading to ulcers.

Several Eucalyptus spp have shown antibacterial, analgesic and
anti-inflammatory activities.13,14 Furthermore, Diarrhea is still a
leading cause of death in many developing countries, associated
with fecal urgency and incontinence result from an imbalance be-
tween the absorptive and secretory mechanisms in the intestinal
tract.15 Different studies have reported the pharmacological
importance of plant extracts for treatment of diarrhea, inflamma-
tory diseases, antiulcer and analgesic activities.16 Even though the
traditional use of E. camaladulensis Dehnh for medicinal purposes
has been known in Nepal community, the present study aims to
evaluate the phytochemical, pharmacological and enzymatic inhi-
bition properties of the leaf extract.

2. Materials and methods

2.1. Chemicals used

The enzymes a-amylase, lipase and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) were purchased from Sigma Aldrich, USA.
All other chemicals were of highest purity and of analytical grades
purchased from Thermo Fischer scientific, India.

2.2. Collection of plant materials

The plants were collected from Janakpur Zone, Nepal, and the
headquarters of Mahottari District Latitude: 26� 380 49.60” N
Longitude: 85� 480 2.92” E. Mahottari district of Nepal located
216 km South East to capital is the tropical region of the country
with the warm climate. The plant materials were identified by
National Herbarium and Plant Laboratory (KATH) and deposited at
Department of Plant Resources (DPR), Government of Nepal
(Voucher specimen 05/2017). Plants were collected in the poly-
thene bags during morning hours and placed in the ice box for
preservation and prevention of contamination. The leaves were air
dried in the shade at room temperature and were protected from
direct sunlight.

2.3. Extraction of metabolites

The 50% ethanol and methanol were used for the extraction of
metabolites from E. camaladulensis Dehnh. 100 g shade dried leaves
were weighed. 1000ml of methanol and 50% ethanol was added as
extracting solvents with ratio 1:10 in separate mantel fitted with
the condenser in the top for 8 h cycle of reflux. The solvent was
filtered through the Whatman filter paper. Rotatory evaporator
(HS-2005V) was used to concentrate the extracts (semi dry). The
extract was prepared for analysis latter by dissolving it in distilled
water. Where as in case of phytochemical analysis the extracts
(20ml) was separated and placed in liquid form for analysis.

2.4. Mouse and rat model used

Swiss albino mice (20e40 g) and Wistar Rat (150e200 g) was
obtained from the Natural Products Research Laboratory (NPRL),
Department of Plant Resources (DPR), Government of Nepal. All the
experiments were performed as per the guideline of NHRC. They
were housed in environmentally controlled conditions
(23 �C± 2 �C, 12-h light-dark cycle), with free access to a standard
diet and water. They were kept in standard mice cage. Mice were
kept in fasting for 12 h prior to the experiments but allowed access
to water.

2.5. Phytochemical screening and antioxidant activity

The phytochemical analysis of the alkaloids, flavonoids,
phenolic content, saponin, quinone, sterols, cardiac glycoside,
tannin, terpenoids and reducing sugar was performed following
the standard protocol.17 The antioxidant activity was measured
with DPPH (2, 2-diphenyl 1-picryl hydrazyl) reducing assay as
described by Kim et al.18 The solution was prepared in methanol at
different concentrations ranging from 200 to 1000 mg/ml. The
freshly prepared methanol solution comprising DPPH radicals
(0.004% (w/v), 2.7ml) were assorted with various concentration of
extract (0.3ml). The mixture was vigorously shaken and left for
60min in the dark. The range of reduction of the DPPH radical was
measured at 517 nm. As a reference standard, ascorbic acid was
used and DPPH solution without extract was used as the control.
The extract concentration resulting in 50% decrease in DPPH con-
centration known via absorbance (IC50) was calculated from the
graph of the absorbance against extract concentration using Origin
pro 2015.

2.6. Amylase inhibition activity

Screening of E. camaladulensis Dehnh extract for amylase in-
hibitors was done via starch-iodine test.19 The reaction mixture
composed of 0.2M potassium phosphate buffer solution (pH 6.9),
1% (w/v) starch solution phosphate buffer saline (pH 7). Different
concentrations of extract (100e500 mg/ml) were added followed by
the enzymatic digestion with 100 ml amylase (13 U/ml) solution.
Hydrolysis reaction was allowed to proceed for exactly 10min at
37 �C. Starch solution 2ml was added and incubated at 37 �C for
another 10min followed by stop solution (HCL 0.1 N, 2ml). Further
iodine solution (5mM I2 and 5mM KI, 500 ml) was added to the
reactionmixtures and absorbancewas taken at 620 nm. The control
reaction representing 100% enzyme activity did not contain any
plant extract. Yellow color indicates the absence of starch; dark-
blue color indicated the presence of starch; while a brownish co-
lor indicated partially degraded starch in the reaction mixture. In
the presence of inhibitors from the extracts, the starch added to the
enzyme assay mixture is not degraded and gives a dark blue color
complex whereas no color complex is developed in the absence of
the inhibitor, indicating that starch is completely hydrolyzed by a-
amylase.

2.7. Lipase inhibition activity

The assay for lipase activity using triglyceride as the substrate
was performed following the standard protocol.20 The enzyme
solutions were prepared immediately before use by suspending
crude porcine PL type II Sigma type-II, 0.71mg/ml as protein in
McIlvaine buffer and mixed using a stirrer for 15min. The euca-
lyptus extract (200e1000 mg/ml) and 1ml of 50% tetrahydrofuran
(THF) solution were mixed in test tube, 200 ml of the solution of
porcine pancreatic lipasewas then added and incubated at 37 �C for
15min with shaking and 2ml substrate was placed in the test tube
and incubated for 24 h at 37 �C. The reactionwas stopped by adding
95% ethanol (3ml), and the released fatty acids followed by 2 drops
of indicator. Thymolphthalein indicator was titrated by 0.05M
NaOH. The blank was measured using 50% THF without eucalyptus



A. Upreti et al. / Journal of Traditional and Complementary Medicine 9 (2019) 312e318314
extract whereas the standard used was a mixture of distilled water,
buffer, and enzyme only.

Lipase Inhibition ¼ volume of standard� volume of test
Volume of standard

*100

2.8. Antibacterial activity

The agar overlay technique was used to determine the anti-
bacterial activity as described by Hocett et al. (2017) with slight
modification.21 Bacterial strains were grown overnight on LB broth
at 37 �C. The top layer of agar plate was overlain with the soft agar
consisting of 0.75% agar and 5� 107 CFU of the test microorganism.
The disc size of 6mm were dipped into the plant extract
(5e0.625mg/ml) and placed into the agar plate. They were
cultured and incubated for 24 h at 37 �C. Bacterial growth inhibition
was measured and compared with standard antibiotics.

2.9. Acute oral toxicity
% inhibition of ulcer index ¼ control mean ulcer index� Test mean ulcer index
control mean ulcer index

*100
The methanol and 50% ethanol crude extract was used to
determine the acute oral toxicity test. The acute oral toxicity was
measured as described by Ahmed et al.22 This test allowed us to
determine the LD50 value of given extract. The test was per-
formed in which animals were dosed at a concentration of
300e2000mg/kg, one at a time. Each group consists of 6 test
animals (mice weighing 25e30 gm). The test substances were
administered in a constant volume (not exceeding 1 ml/100 gm
body weight) over the range of doses to be tested by varying the
concentration of dosing preparation. 50% ethanol extract and
methanol extract with three different doses were given to 6 mice
in each group.
2.10. Anti-ulcer activity

The anti-ulcer activity was measured following the standard
protocol.23 The mice were divided into four groups each consisting
of six mice with varying weights as given below.
%inhibition ¼ ðmean inflammation of control�mean paw inf lammation of treated sampleÞ
mean inflammation of control

� 100
Group-I: Normal/control animals received 2ml/kg distilled
water, per body weight orally
Group-II: 1ml/kg ulcer inducer, ranitidine 50mg/kg was used as
the standard
Group-III: 1ml/kg ulcer inducer, 300mg/kg 50% ethanol extract
Group-IV: 1ml/kg ulcer inducer, 300mg/kg methanol extract

The weights of individual mice were noted. The mice were kept
in fasting for 12 h prior to the test. The test mice groups were fed
with extract and standard drug. One hour later ulcer inducer (60%
ethanol, 37% HCl) in the ratio of (8:2) was given. The mice were
subjected to chloroform anaesthesia after half an hour and sacri-
ficed by cervical dislocation. The stomach of mice was isolated,
washed gently under clean flowing water and cut open along the
greater curvature. The macroscopic evaluation of stomachs were
examined by a magnifier lens to assess the formation of ulcers. The
pH, presence and absence of swelling was noted.

The number of ulcers was counted. Ulcer scores were recorded
using the following classification category scale:

Red color: 0.5 point
Red spot: 1 point
Hemorrhagic streak: 1.5 point
3-5 Ulcer: 2 point
>5 Ulcer: 3 points

The percentage protection index was calculated.

Mean ulcer index¼Mean ulcer score/sample number
2.11. Anti-inflammation activity

Anti-inflammatory activity of the plant extract was measured
using the standard protocol.24 The rats were kept in fasting for 24 h.
The rats weighing 150e200 g were divided into 4 groups each
consisting of six rats. The different groups of rats were fed with
standard drugs and extract. After 1 h, 0.1ml of 1% w/v Carrageenan
suspension was injected subcutaneously into the planar surface of
the right hind paw. The paw volume was measured using a digital
plethysmometer before injection, after injection i.e. in interval of
60min for 3 h after carrageenan injection. The change in volume
was determined.

Group I: 2ml/kg distilled water
Group II: Positive control treated with dose 5mg/kg
Group III: 300mg/kg 50% ethanol extract
Group IV: 300mg/kg methanol extract
Inflammation inhibition percentage was determined by the
following equation:
2.12. Analgesic activity

Tail flick methods in rat model were used to test the analgesic
activity of crude extract.25 The experiment was carried out by
measuring tail withdrawal time from hot water. In total 24 mice
were randomly divided into four groups (I-IV) of 6 mice per group



Table 2
Phytochemical analysis of methanol and 50% ethanol extract of E. camaladulensis
Dehnh.

Phytonutrients Methanol extract 50% ethanol Extract

Carbohydrate þ þ
Protein e e

Starch e e

Saponin e þ
Phenol e þ
Flavonoids þ þ
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and fasted for 12 h. Mouse tail (3e5 cm) was dipped in the water
bath containing warm water maintained at temperature 50± 1 �C.
Pain reaction time (PRT) taken by the mouse to flick the tail was
recorded from 0 to 180min duration.

Group I: 2ml/kg distilled water
Group II: Positive control treated with 54mg/kg of aspirin
Group III: 800mg/kg 50% ethanol extract
Group IV: 800mg/kg methanol extract
Glycosides þ þ
Terpenoids þ þ
Cardiac Glycoside þ þ
Phytosterols þ þ
Diterpenes þ þ
Reducing Sugar e e

Tannin e e

Alkaloids e e

Where, (þ) is present and (�) indicates not detected.

Table 3
Antibacterial activity of E. camaladulensis Dehnh leaf extract.

Solvent Concentration
of the extract

Diameter of zone of growth inhibition (mm)

Staphylococcus
aureus ATCC
25923

Klebsiella
pneumonia
ATCC
700603

E. coli
ATCC
5922

Pseudomonas
aeruginosa
ATCC 27853

Methanol 5mg/ml 11 12 15 15
2.13. Anti-diarrheal activity

Gastrointestinal transit was measured using the charcoal pro-
pulsion test.26 These animals were divided into 4 groups each
containing 6 mice. Thirty minutes following the treatments, each
mouse was orally given 0.3ml of a charcoal meal (5% activated
charcoal suspended in aqueous solution). The animals were sacri-
ficed with the chloroform anaesthesia. Mice were dissected 30min
later by cervical dislocation, and the intestines were removed from
the pylorus through the ileocecal junction.

Group-I: Normal/control mice received 2ml/kg distilled water
Group-II: 100mg/kg loperamide was used as the standard
Group-III: 500mg/kg 50% ethanol extract
Group-IV: 500mg/kg methanol extract

The extent of charcoal propulsion in the small intestine was
measured distance traveled by the charcoal (from the pylorus to the
most distal part of the small intestine) and expressed as follows:

%mobility ¼ Length ofcharcoal movement
Total length of intestine

*100

3. Result

3.1. Phytochemical screening and antioxidant activity

The extract obtained from the E. camaladulensis Dehnh varied in
the yield and other physical parameters. The yield of the extract
was high in 50% ethanol (16.92%) compared to that of methanol
(14.20%). Other physical characters are summarized in Table 1. The
phytochemical analysis of the crude extract shows the presence of
glycoside, flavonoids, steroids, and result were summarized in
Table 2. DPPH free radical scavenging activity was used to study the
antioxidant properties of plant extract. The result showed higher
radical quenching capability of methanol extract compared to the
50% ethanol extract with the IC50 value of 601.80 mg/ml compared
to 1279.58 mg/ml.

3.2. Enzymatic assay

Enzymatic inhibition assay of a-amylase and lipase with crude
methanol and 50% ethanol extract of E. camaladulensis Dehnh was
performed as described in material and methods. Despite using
Table 1
Physical characteristics of the methanol and 50% ethanol extract of E. camaladulensis
Dehnh.

S.N Extract Color Aroma Yield (%)

1. 50% ethanol Brownish green Herbal 16.92
2. Methanol Dark green Herbal 14.20
crude extract, 33.89% (IC50¼1.44mg/ml) and 14.72%
(IC50¼ 8.86mg/ml) of a-amylase inhibition was observed in
methanol and 50% ethanol extract, respectively. The descriptive
analysis of five different concentration of extract using one way
ANOVA shows significant at 95% confidence interval analyzed.
Similarly, 33.87% (IC50¼ 3.2mg/ml) and 33.09% (IC50¼ 4.32mg/ml)
inhibition of lipase was obtained with 50% ethanol and methanol
extract. The mean values are seen to be significant in 95% confi-
dence interval analyzed via one way ANOVA in SPSS software.
3.3. Antibacterial activity

Four different concentrations (5e0.625) mg/ml of 50% ethanol
and methanol extract were used to evaluate antibacterial activities
of the crude extract against human pathogen using agar plate
diffusion methods (Table 3). Both extracts showed the range of
inhibition against a gram-positive and negative microorganism. It
was observed that 50% ethanol extract at a concentration of 2.5mg/
ml showed the zone of inhibition against four human pathogens,
whereas no inhibition was observed at 0.625mg/ml. In addition,
1.25mg/ml 50% ethanol and methanol extract revealed the inhi-
bition of Pseudomonas aeruginosa ATCC 27853, whereas no growth
inhibition was observed at this concentration with Escherichia coli
ATCC 25922, Klebsiella pneumonia ATCC 700603 and Staphylococcus
aureus ATCC 25923. Similarly, 2.5mg/ml of methanol extract was
found to be effective against all testedmicroorganism. Compared to
the 50% ethanol extract, methanol extract revealed good antibac-
terial activities.
2.5mg/ml 11 11 11 12
1.25mg/ml ND 10 9 11
0.75mg/ml ND ND ND ND

50%.
ethanol

5mg/ml 11 10 11 13
2.5mg/ml 9 9 10 11
1.25mg/ml ND ND ND 10
0.75
mg/ml

ND ND ND ND

Where ND is not detected.



Fig. 1. Gross appearance of gastric mucosa after various treatments. (a) Negative
control: Ulcer inducer only, the maximum damage was observed as mucosal damage,
spot ulcer, hemorrhagic streaks and bleeding ulcer. (b) Positive control: ranitidine
treated, very few mucosal damage was observed along with all other parameters (c)
Methanol extract treated (0.2 mL/20 gm), marked ulcer with mucosal damage, hem-
orrhagic streaks, and spot ulcer. Moderately reduced gastric ulcer as compared to the
negative control. (d) Ethanol extract treated (0.2 mL/20 gm), marked ulcer with
mucosal damage, hemorrhagic streaks, and spot ulcer. Moderately reduced gastric
ulcer as compared to the negative control and less efficient than methanol extract.
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3.4. Pharmacological assay

Furthermore, in-vivo pharmacological activities of
E. camaladulensis Dehnh crude 50% ethanol and methanol extract
were measured as described in material and methods. The
E. camaladulensis Dehnh extract can be considered non-lethal up to
a dose of 2000mg/kg with 1 death less than half the total sampled
population. This clearly indicates that leaf extract is considered to
be safe for use. The anti-ulcer activity was performed in-vivo in the
mouse model and the percentage protective ratio was calculated
(Fig. 1). The standard drug ranitidine was used as a reference, the
percent protective ratio of 44.44% and 41.67% was observed in
methanol and 50% ethanol crude extract respectively (Table 4).
Further, the anti-inflammation activity was analyzed via the
carrageenan-induced paw edema. The 50% ethanol extract showed
the higher protective ratio (54.58%) compared to that of methanol
(37.64%) extract (Table 5). Furthermore, the anti-diarrheal efficacy
of the extract was analyzed via the activated charcoal for the
abdominal spasm. The methanol and 50% ethanol extract showed
the preventive index 62.54% and 60.36%, respectively (Table 6). The
result showed significances in one way ANOVA analysis at 95%
confidence level.

The analgesic activitywas analyzed via tail flickmethod. Highest
effect of the extract was seen in 180min with the methanol extract
whereas 50% ethanol extract showed the dominant activity in 60
and 90min with the turn over time in around 90min concluding
the fact 50% ethanol extract may be full of an analgesic component
which acts quickly in the sensory receptors with the increase in
time their effectiveness may decrease whereas the methanol con-
tains more robust component altering the activity of the sensory
receptors. Detailed activity with respect to time is presented in
Fig. 2.
4. Discussion

The result of present study signifies 50% ethanol extract of
E. camaladulensis Dehnh showed greater extraction efficacy in
comparison to methanol extract with greater yield and less haz-
ardous effects. The phytochemical screening analysis revealed the
presence of flavonoids, sterols, glycosides, terpenoids, and diter-
penes. Saponin was detected only in 50% ethanol extract. The
presence of these phytochemicals is in good agreement with potent
antioxidant and antimicrobial activity of the plant extracts.

Themethanol extract of E. camaladulensisDehnh exerted greater
antioxidant and antimicrobial activity in comparison to 50%
ethanol extract. The presence of semi-polar compounds in meth-
anol extract rather than the presence of highly polar compounds in
50% ethanol extract might have led to these results. The significant
antioxidant activity shown by the plant extracts reveals the
Table 4
Effect of various extract of E. camaladulensis Dehnh on pH and ulcer score in ulcer
induced mice.

Treatment
(mg/kg)

pH Ulcer
score

Ulcer index Percentage
ulcer
inhibition

Control 3.67± 0.25 6.0± 2.44 1± 0.40 e

Ranitidine-
treated

5.41± 0.37 1.0± 1.54 0.139± 0.23 86.1

50%
ethanol

4.67± 1.03 3.33± 1.25 0.56± 0.20 44.4

Methanol 4.58± 1.06 3.5± 2.44 0.583± 0.40 41.67

Data were analyzed using ANOVA and expressed as mean ± S.D (n¼ 6) followed by
Dunnett's test and difference between means were regarded significant at
(P< 0.05).
importance of E. camaladulensis Dehnh for developing an anti-
aging cosmetic product, antioxidant medical product, and herbal
products. Methanol extract and 50% ethanol extract demonstrated
concentration-dependent inhibition of gram-positive and gram-
negative bacteria. 50% ethanol extract did not show inhibition
against any microorganism below 1.25mg/ml concentration
whereas methanol extract inhibited the growth of K. pneumoniae
and E. coli up to 0.625mg/ml.

a-Amylase hydrolyzes complex polysaccharides to simple oli-
gosaccharides and disaccharides which are then hydrolyzed by a-
glycosidase to monosaccharide. These monosaccharides are
absorbed into the hepatic portal vein through small intestines, thus
increasing postprandial glucose levels. Amylase inhibitors prevent
dietary starch from being absorbed by the body lowering post-
prandial glucose levels. This property finds benefits to insulin
resistance and glycemic index control in people with diabetes.27,28

Our study of E. camaladulensis Dehnh extracts exhibited low
amylase inhibition activity. This result might be because of the use
of crude plant extract and can be improved through purification.
Digestion and absorption of dietary lipids by pancreatic lipase, a
major source of excess calorie intake, serve as a potent target for the
development of anti-obesity agents. The crude 50% ethanol and
methanol extract of E. camaladulensis Dehnh examined in the
present study revealed relatively lower enzyme inhibition activities
which may be due to the use of crude extract resulting in multiple
synergistic effects.29,30

The oral toxicity test carried out in mice model at four different
concentrations from 300mg/kg to 2000mg/kg showed no signifi-
cant death or signs of toxicity. At the highest concentration, only
one death was observed which is statistically insignificant
revealing that the extracts are well tolerated and test doses were
safe for the animal.



Table 5
Effect of various extract of E. camaladulensis Dehnh on carrageenan-induced rat paw edema.

Group Treatment (mg/Kg) Mean increase in paw volume (ml) % decrease in volume

0 h 1 h 2 h 3 h

1 Control 1.15± 0.08 1.67± 0.14 1.88± 0.14 1.96± 0.15 e

2 Aspirine 1.12± 0.16 1.27± 0.16 1.40± 0.17 1.35± 0.11 68.08
3 50% ethanol 1.19± 0.06 1.39± 0.22 1.59± 0.20 1.52± 0.14 54.58
4 Methanol 1.13± 0.18 1.44± 0.24 1.50± 0.14 1.69± 0.26 37.64

Data were analyzed using ANOVA and expressed as mean ± S.D (n¼ 6) followed by Dunnett's test and the difference between means was regarded significant at (P< 0.05).
Here 0 h represent the volume of paw taken before the injection of carrageenan in rat pawwhereas 1 h, 2 h and 3 h represents the volume of paw taken after 1 h, 2 h and 3 h of
carrageen injection in planar surface of right hind paw.
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50% ethanol extract of E. camaladulensis Dehnh exhibited better
anti-ulcer property in comparison to its methanol extract. The ef-
ficacy of the extract in decreasing ulcer formation in the stomach is
measured by its ability to reduce gastric volume, free and total
acidity, spot formation, redness and increase in pH.31,32 In 50%
ethanol extract treated mice group pH reached 4.67± 1.03 with
44.44% ulcer inhibition whereas in methanol extract treated mice
group pH was slightly lower at 4.58± 1.06 with 41.67% ulcer inhi-
bition. However, it has been reported that the protective effect of
E. camaladulensis Dehnh extract as necrotization on gastric mucosa
can be caused by ethanol or may be protection against 5-
lipooxygenase or leukotriene pathway by stimulating prosta-
glandin synthesis involved in cytoprotection.33,34

The anti-inflammation activity analysis was carried out in
carrageenan-induced edema in right paw of rats. As demonstrated
by the result, 50% extract treated rat group showed maximum in-
hibition of inflammation, with the protective ratio of 54.58%,
significantly comparable to standard drug aspirin. Methanol
extract, however, showed inhibition of inflammation with the
protective ratio of only 37.64%. On the other hand, methanol extract
was found to act more quickly against inflammation than 50%
ethanol extract. The increase in paw volumewas lower in methanol
extract treated mice after 2 h (1.50± 0.144ml water displacement)
of injecting the inducer compared to 50% ethanol extract 2 h later
(1.59± 0.204 water displacement). Since the phytochemical anal-
ysis revealed higher amounts of phenolic and flavonoids in 50%
ethanol extract. The anti-inflammatory actions of flavonoids in-vi-
tro or in cellular models involve inhibition of synthesis and activ-
ities of different pro-inflammatory mediators such as eicosanoids,
cytokines, adhesion molecules and C-reactive proteins.35 The
higher activity of 50% ethanol extract than methanol extract can be
owed to higher polarity of the 50% ethanol than that of later and
could possibly have extracted polyphenolic compounds in greater
concentration. Flavonoids in inflamed tissue have also been shown
to inhibit cyclooxygenase, preventing the formation of prosta-
glandins, which stimulates pain receptors in the brain.34

Both methanol (62.54% mobility) and 50% ethanol extract
(60.36% mobility) of E. camaladulensis Dehnh decreased the pro-
pulsive movement in the charcoal meal study, though the decrease
Table 6
An anti-spasmodic activity of E. camaladulensis Dehnh 50% ethanol and methanol
extract.

Test sample Average distance
traveled by charcoal
(cm± S.D)

% Mobility % Inhibition

Blank 16± 0.63 78.13 21.86
Loperamide 5.07± 1.34 22.48 77.51
50% ethanol extract 14.08± 1.18 60.36 39.63
Methanol extract 14.91± 0.53 62.54 37.45

Data were analyzed using ANOVA and expressed as mean ± S.D (n¼ 6) followed by
and difference between means was regarded significant at (P< 0.05).
in movement of charcoal was found to be less than standard drug,
loperamide (22.48%) in comparison to control (78.13%). The
decrease in mobility of charcoal might be due to spasmolytic and
anti-enter polling property by which the extracts produced relief in
diarrhea. The tannin present in plant extracts might be responsible
for the anti-diarrhoeal activity which can be directly related to
spasmolytic activity.

Tail-flick model was performed as thermal pain model to study
the central mechanism of analgesic activity. The methanol and 50%
ethanol extracts of E. camaladulensis Dehnh exhibited significant
analgesic activity by increasing the reaction time of the rats to heat
compared to control (D/W treated rats) at all-time points, except at
180min. Highest effect of themethanol extract was seen in 180min
whereas 50% ethanol extract showed the dominant activity in 30
and 180min. The results were comparable with that of aspirin. The
methanol extract exhibited significant analgesic activity in the tail-
flick model (P< 0.05) by increasing the reaction time of the rats to
1.9 s at 60min after treatment in comparison to control (1 s).
Similarly, 50% ethanol extract exhibited analgesic activity in a tail-
flick model by increasing the reaction time to 1.45 s at 60min after
treatment. Analgesic property of the plant extracts could be
attributed to the presence of flavonoids and tannins.

The present study reports the presence of different phyto-
chemicals in extracts of E. camaladulensis Dehnh. Both 50% ethanol
extract and methanol extract of the plant exhibited anti-oxidant,
anti-bacterial, anti-ulcer, anti-inflammatory, analgesic and anti-
diarrheal properties. The fractionation and purification of the
plant extract to identify and isolate specific active compounds
responsible for different properties of a plant should be
Fig. 2. Analgesic activity of methanol and 50% ethanol extract of E. camaladulensis
Dehnh compared with aspirin as standard expressed in mean as per time of exposure
plotted via Origin. The crude data are tested through one way ANOVA and found to be
significant at 95% confidence level in SPSS.
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investigated in future. This opens the prospect for utilizing the
plant for development of new therapeutics while supporting the
traditional use of plants for purposes already mentioned.
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