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Analgesic and Anti-inflammatory activities 
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ABSTRACT

Aim: The ethanolic, ethyl acetate, and hexane extracts of Nymphoides hydrophylla at the doses of 250  mg/kg 
and 500  mg/kg were administered for the evaluation of analgesic and anti-inflammatory activities (both in vitro 
and in vivo). Materials and Methods: Analgesic activity was evaluated by acetic acid-induced writhing, tail-
flick method, and Eddy’s hot plate method in albino rats. Paracetamol and tramadol were used as a standard 
reference drugs for analgesic activity. In vitro anti-inflammatory activity was evaluated by Human red blood cell 
membrane stabilization method and protein denaturation method. In vivo anti-inflammatory activity was evaluated 
by carrageenan-induced paw edema in albino rats. Diclofenac sodium was employed as reference drugs for anti-
inflammatory studies. Results and Discussion: The administration of ethanolic, ethyl acetate, and hexane extracts 
of N. hydrophylla in rats with 250 and 500  mg/kg  body weight (b.wt.) reduced pain and inflammation, indicating 
that ethanolic extract possesses better analgesic and anti-inflammatory activities compared to other two extracts. 
The maximum analgesic and anti-inflammatory activities were observed in rats receiving 500  mg/kg  b.wt. of 
N. hydrophylla ethanolic extract. Conclusion: Our study indicates that N. hydrophylla extracts possess both anti-
inflammatory and analgesic activities and it may be useful as an anti-inflammatory agent in inflammation-related 
disorders.
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INTRODUCTION 

The process of inflammation occurs due 
to noxious stimuli, infection, trauma, 
or injury in the living tissues.[1] During 

this process body’s white blood cells and 
chemicals protects the body from various 
types of infections, bacteria, and viruses. The 
process of inflammation is characterized by 
events including mediator release, enzyme 
activation, fluid extravasations, cell migration, 
tissue breakdown, and repair processes.[2] White 
blood cells are released during inflammation as 
a protective measure. There will be an increase 
in the blood flow to the area leading to redness 
and warmth. The process of inflammation is 
characterized by pain induction, redness, and 
rashes.[3] In the induction of inflammatory 
response, prostaglandins (PG) are one of the 
important biomolecules, as their biosynthesis is 

significantly increases during the process of inflammation.[4] 
In several diseases, including cancer, inflammation was having 
a key role.[5,6] In treating pathologies associated with 
inflammatory reactions, the agents that contain or block 
inflammation may play an important role.[7] Pain is defined 
by medical researchers as a subjective conscious experience. 
Natural products are used for treating various inflammatory 
conditions such as fever, pain, migraine, and arthritis. 
Herbal medicines contain pleiotropic molecules that act on 
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orchestral approach, which are able to target many elements 
of the complex cellular pathway.[8] The medicinal plants 
have been a major source of a wide variety of biologically 
active compounds for many centuries and have been used 
extensively in crude form or as an active ingredient to treat 
various disease conditions.[9]

Nymphoides hydrophylla is an aquatic plant with a common 
vernacular Telugu name as Antharathaarama, cheerily, 
pita Kaluva belonging to the family Menyanthaceae is a 
very common plant available throughout India. The plant 
usually flowers and fruits in winter season. The plant is 
traditionally used for several medicinal purposes in India as 
the oil of the plant is extensively used in number of herbal 
preparation for curing ulcers and insect bites. Therefore, 
the present investigation carried out an in-depth study 
regard the N. hydrophylla ethanolic, ethyl acetate, and 
hexane extracts for their analgesic and anti-inflammatory 
properties.

MATERIALS AND METHODS

Collection of Plant

N. hydrophylla were collected from Surrounding areas of 
Jaggampeta, East Godavari dt., of Andhra Pradesh. The plant 
authentication was done by Dr. T. RAGHURAM Taxonomist, 
Maharani College, Peddapuram.

Preparation of Extracts

N. hydrophylla plants were subjected to shade drying 
at room temperature for 4–5 days. The dried plants were 
then powdered into a mixture. The powder was taken 
and weighed. From the obtained fine powder, 100 g was 
taken and macerated in 200 mL of ethanol, ethyl acetate, 
and hexane for 7 days, separately. Selected solvents have 
a non-toxic effect(s) or minor interfering effects on the 
living cells, animals, and human beings. Selection of 
ethanol, ethyl acetate, and hexane as a solvent would 
extract highly hydrophilic, moderately hydrophilic, and 
highly lipophilic secondary metabolites from the plants, 
respectively. Individual extracts were collected and filtered. 
The filtrate of ethanol, ethyl acetate, and hexane extracts 
was concentrated through distillation individually. After 
distillation, crude extracts were collected individually 
and the obtained extracts were weighed. The physical 
characteristics and percentage yields of various extracts are 
reported. The crude extracts were placed in desiccators for 
further studies.

Preliminary Phytochemical Screening

Preliminary phytochemical screening of N. hydrophylla 
ethanolic, ethyl acetate, and hexane extracts were performed 

to test the presence of the active chemical constituents such 
as alkaloids, flavonoids, tannins, phenolic compounds, 
saponins, fixed oils, and fats.[10]

Quantitative Phytochemical Testing

Aliquots of extract were prepared by dissolving 10 mg of 
individual extracts in 10 mL of methanol to get 1000 μg/ml.

Estimation of Phenolic Contents

The phenolic content of the ethanolic, ethyl acetate, and 
hexane extracts of N. hydrophylla (1 mg/ml, aliquots) was 
determined using the method Folin-Ciocalteu.[11] 0.5 ml 
aliquots of extract were mixed with 3 ml Folin-Ciocalteu 
reagent (1:10 v/v) and the mixture allowed to stand for 
5 min. Four milliliters of 20% w/v of sodium carbonate 
solution were added into the mixture tube. The tubes were 
kept aside for 15 min at 30°C for color development. The 
absorbance was measured at 765 nm by a spectrophotometer. 
Phenolic content was estimated from the calibration curve 
using standard gallic acid in methanol and the results were 
expressed as gallic acid equivalent mg/100 mg dry weight 
of extract.

Estimation of Total Flavonoids

Total flavonoid content of the ethanolic, ethyl acetate, and 
hexane extracts of N. hydrophylla (1 mg/ml, aliquots) was 
determined by aluminum chloride method.[12] To 0.6 ml 
of aliquots of extract, 1.8 ml of methanol, 0.1 mL of 10% 
aluminum chloride, 0.1 ml of 1 M sodium acetate, and 3 ml of 
distilled water were added and left at 30°C. The absorbance 
was measured individually after 30 min at 415 nm. Total 
flavonoid was estimated from the calibration curve using 
standard quercetin in methanol and the results were expressed 
as quercetin equivalent mg/100 mg dry weight of extract.

Estimation of Alkaloids

Alkaloid content in the extracts was determined using the 
method of Fazel et al., the ethanolic, ethyl acetate, and 
hexane extracts of N. hydrophylla (1 mg/mL, aliquots) 
were dissolved in 2N hydrochloric acid and filtered. To the 
filtrate was added 0.1 N NaOH, from this solution 1 ml was 
transferred to a separating funnel, and then 5 ml of Bromo 
cresol green solution was added along with 5 ml of phosphate 
buffer. The mixture was shaken extracted with chloroform. 
The absorbance was noted at 470 nm. Alkaloid content was 
estimated from the calibration curve using the standard 
atropine calibration curve, measuring the concentration 
of alkaloid content in atropine equivalents using the 
units mg/100 mg dry weight of extract.[13]
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Experimental Animals

Albino rats weighing between 150 and 200 g of either sex 
were used for the study. Animals were housed in colony cages 
at an ambient temperature of 25 ± 2°C, 12 h light/dark cycle, 
and 50 ± 5% relative humidity with free access to food and 
water ad libitum. To the laboratory environment, the animals 
were acclimatized for at least 1 week before experimentation. 
Animals were deprived of food except water in overnight and 
during the period of experimentation. The animal experiments 
were performed based on the Institutional Ethics Committee 
approval and guidelines REG.No.AIPSR/IAEC/14/01.

Acute Toxicity and Gross Behavioral Study

The experimental animals were fasted overnight, divided into 
groups (n = 6) and were orally fed with increasing doses (250, 
500, 750, and 1000 mg/kg body weight) of ethanolic, ethyl 
acetate, and hexane extracts of N. hydrophylla. The animals were 
observed during 24 h to find out the percentage mortality and 
gross behavioral changes after administration of the extracts.[14-16]

Analgesic Activity

Tail-flick method

Analgesia was measured using a modified method of D Amour 
and Smith[17] called a tail-flick method. Analgesia is indicated 
by an increase in reaction time. Reaction time is the time 
between placing the tail of the rat on the radiant heat source 
and sharp withdrawal of the tail. Minimum cutoff time period 
of about 10 s was taken as maximum latency so as to avoid 
thermal injury to the animals while noting down the reaction 
time. Animals that showed a mean reaction time outside the 
range of 5–6 s were discarded. In all the groups, tail-flick test 
was performed before drug administration (at 0 min) and at 15, 
30, 60, and 120 min after drug administration, and the reaction 
time at each time interval (test latency) was calculated.

Acetic acid-induced writhing method

The writhing model represents a chemical nociceptive 
test based on the induction of peritonitis like condition in 
animals by injecting irritant substances intraperitoneal (i.p.) 
After 30 min of drug administration, 0.1 ml of 1% acetic 
acid solution was injected i.p. Rats were kept individually 
in glass beakers and were allowed to elapse for a period of 
about 5 min. The animals were then observed for about 10 
min and the numbers of writhes were recorded. For scoring 
purposes, writhe is indicated by stretching of the abdomen 
with simultaneous stretching of at least one hind limb.[18]

Percentage inhibition was calculated using the following 
formula:

% inhibition= {(Wc-Wt) × 100}/Wc

Where, Wc = No. of writhes in control group, Wt = No. of 
writhes in test group

Compounds with <70% inhibition were considered to have 
minimal analgesic activity.[18]

Eddy’s hot plate method

Albino rats of either sex were selected, weighed, and 
divided into eight groups (n = 6). The time of reaction to 
pain stimulus of the rats placed on the plate, heated at 55 ± 
0.5°C was recorded at 0, 15, 30, 60, and 120 min after the 
administration of the ethanolic, ethyl acetate, and hexane 
extracts of N. hydrophylla in two different doses (250 mg/kg 
and 5/kg, b.w) and vehicle were administered orally before 
60 min. The increase in reaction time against the control 
group was calculated.[19]

In Vitro Anti-inflammatory Activity[20-22]

Protein denaturation method

Procedure

Test solution (0.5 ml)
Consists of  0.45 ml of 5% w/v aqueous solution of bovine 
serum albumin and 0.05 ml of test samples of various 
concentrations (ethanolic, ethyl acetate, and hexane extracts 
of N. hydrophylla of 100 and 200 ug/ml).

Product control solution (0.5 ml)

Consists of  0.45 ml of distilled water and 0.05 ml of test 
samples of various concentrations (ethanolic, ethyl acetate, 
and hexane extracts of N. hydrophylla of 100 and 200 ug/ml).

Standard solution (0.5 ml)

Consists of  0.45 ml of 5% w/v aqueous solution of bovine 
serum albumin and 0.05 ml of various concentrations of 
diclofenac sodium. All the solutions were adjusted to PH 
6.3 using 1N HCl. Incubation of samples was carried out for 
20 min at 37°C. Later, the samples were kept for 3 min at an 
elevated temperature of 57°C. 2.5 ml phosphate buffer was 
added to the above solutions after cooling. The absorbance 
was recorded at a wavelength of 416 nm using an ultraviolet/
visible spectrophotometer.

% Inhibition of Protein Denaturation =100 – ([(O.D of test 
solution – O.D of product control)/O.D of test control]  

× 100)

The control represents 100% protein denaturation. The results 
were compared with diclofenac sodium.
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HRBC Membrane Stabilization Method

Principle

The principle of this method is the stabilization of the human 
red blood cell (HRBC) membrane from the hypo-tonicity-
induced membrane lysis.

Preparation of HRBC suspension

Fresh whole human blood (2 ml) was collected and was 
mixed with an equal volume of sterilized Alsever’s solution 
(0.8% sodium citrate, 2% dextrose, 0.05% citric acid, and 
0.42% aqueous solution of sodium chloride). The blood 
was subjected to centrifugation for 10 min at 3000 rpm. The 
compacted cells were washed thrice with isosaline solution 
(0.85%, pH 7.2). The volume of the blood was measured and 
was reconstituted as a 10% v/v suspension with isosaline.

Procedure (hypotonic solution-induced hemolysis)

The reaction mixture (of total volume 4.5 ml) is made up 
of 2 ml of hyposaline solution (0.25% w/v NaCl), 1 ml of 
0.15 M phosphate buffer (pH 7.4), and 1 ml of test solution 
(ethanolic, ethyl acetate, and hexane extracts of N. hydrophylla 
of 100 and 200 ug/ml) in isosaline. After that, 0.5 ml of 10% 
HRBC suspension in isosaline was added. For test control, 
1 ml of distilled water was used in the place of hyposaline 
(to produce 100% hemolysis), while the product control was 
made lacking the red blood cell. The mixtures were incubated 
for 30 min at 37°C and centrifuged for 20 min at 3000 rpm. 
The reference drug was diclofenac sodium. The hemoglobin 
content of the suspension was measured as a function of 
absorbance at 560 nm using a spectrophotometer. Percentage 
membrane stabilizing activity was calculated as follows, the 
percentage of HRBC membrane stabilization or protection 
was calculated using the following formula:

Percentage Stabilization =

Absorbance of  test 
Absorbance of  control – ×100

Absorbance of  control

In Vivo Anti-inflammatory Activity

Carrageenan-induced paw edema[23]

Edema was induced by injecting 0.1 mL of 1% solution 
of carrageenan in saline to (sub plantar) right hind paw of 
rats. The ethanolic, ethyl acetate, and hexane extracts of N. 

hydrophylla in two different doses (250 and 500 mg/kg, b.w) 
and vehicle were administered orally 60 min before injection 
of carrageenan. The volume of edema of injected and contra 
collateral paws was measured at 0, 1, 2, 3, and 4 h after induction 
of inflammation using a plethysmograph and the percentage 
of anti-inflammatory activity was calculated. The values are 
compared with the standard drug diclofenac (10 mg/kg).

Statistical Analysis

Data were analyzed by GraphPad INSTAT® version 3.0 
software and presented as mean±S.E.M. values. The statistical 
tests used were one-way analysis of variance (ANOVA) 
followed by Dunnett’s multiple comparison test. The levels 
of statistical significance ranged from P < 0.05.

RESULTS

After extraction with different solvents such as ethanol, ethyl 
acetate, and hexane, the residues were dried and measured. 
The residue obtained was 10.2% w/w, 7.53% w/w, and 6.28% 
w/w for ethanolic, ethyl acetate, and hexane extracts of N. 
hydrophylla, respectively. The brownish-black, brownish-
green, and black residues were obtained for ethanol, ethyl 
acetate, and hexane extracts of N. hydrophylla, respectively. 
The ethanol extracts were sticky in nature. The other extracts 
were a little gummy in nature.

Preliminary and Quantitative Phytochemical 
Screening

The results imply that extracts contain alkaloids, flavonoids, 
saponins, carbohydrates, proteins, and Amino acids which 
are the main phytochemical groups with biological activities. 
The results of quantitative phytochemical screening were 
tabulated [Table 1].

Acute Toxicity Studies

No toxicity or death was observed in the experimental rats 
when they are subjected to toxicity study. To establish the 
safety, extracts (ethanolic, ethyl acetate, and hexane extracts) 
were administered to both male and female rats. There 
were no significant toxic signs or death during the entire 
observation period. The ethanolic, ethyl acetate, and hexane 

Table 1: Quantitative phytochemical determination of ethanolic, ethyl acetate, and hexane extracts of 
Nymphoides hydrophylla

S.no Total phenolics mg/g Total flavonoids mg/g Total alkaloids mg/g
Ethanolic extract of Nymphoides hydrophylla 11.04±0.25 42.06±0.29 33.12±0.61

Ethyl acetate extract of Nymphoides hydrophylla 9.04±0.13 28.06±0.28 25.12±0.52

Hexane extract of Nymphoides hydrophylla 8.04±0.41 22.6±036 27.23±0.49
All the values are expresses ad mean±SEM, n=3
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extracts of N. hydrophylla did not exhibit any mortality up to 
the dose level of 1000 mg/kg. 

Analgesic Activity

The present study investigated the analgesic and effect of 
ethanolic, ethyl acetate, and hexane extracts of N. hydrophylla 
in rats. In the analgesic study, the extract produced significant 
analgesic effects in the three models of pain employed. 

Tail-flick Method

In tail-flick method, rats are treated with N. hydrophylla 
doses (250 mg/kg and 500 mg/kg orally) significantly 
inhibited nociception in rats. Significant activity was 
exhibited by Ethanolic Extract of N. hydrophylla 250 mg/
kg at 30 min by 42.8% and 500 mg/kg at 30 min by 69.3%, 
whereas paracetamol 100 mg/kg significantly inhibited pain 
perception at 30 min by 75.0% [Table 2]. 

Eddy’s Hot Plate Method

In Eddy’s hot plate method, rats are treated with ethanolic 
extract of N. hydrophylla whole plant doses (250 mg/kg and 
500 mg/kg orally) significantly inhibited nociception in rats. 
Significant activity was exhibited by ethanolic extract of 
N. hydrophylla 250 mg/kg at 60 min by 75% and 500 mg/kg 
at 60 min by 80.2%, whereas tramadol 5 mg/kg significantly 
inhibited pain perception at 60 min by 84.2% [Table 3].

Acetic Acid-induced Writhing Response

In acetic acid-induced writhing responses method, rats 
are treated with ethanolic extract of N. hydrophylla doses 
(250 mg/kg and 500 mg/kg orally) shows significantly 
inhibited nociception in rats. Significant activity was 
observed by ethanolic extract of N. hydrophylla was found to 
be 62.35% at 250 mg/kg and 76.47% at 500 mg/kg, whereas 
tramadol (5 mg/kg) showed 92.94% protection against acetic 
acid-induced writhing in rats [Table 4].

Anti-inflammatory Activity

In-vitro studies

Protein denaturation method
In-vitro anti-inflammatory effect of ethanolic extract of 
N. hydrophylla whole plant was evaluated by protein 
denaturation method.

Maximum percentage inhibition of N. hydrophylla ethanolic 
extract was found to be 83.94% at 200 ug/ml, whereas 
standard diclofenac sodium showed the maximum inhibition 
93.79% at 20 ug/ml concentration.
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HRBC Membrane Stabilization Method

In-vitro anti-inflammatory effect of ethanolic extract of 
N. hydrophylla whole plant was carried out by HRBC 
membrane stabilization method. 

Ethanolic extract of N. hydrophylla whole plant prevents 
hypotonicity-induced membrane lysis (HRBC membrane 
stabilization method) to the extent of 52.58% at the 
concentration of 200 ug/ml, which is comparable to that 
of the standard drug diclofenac sodium 73.7% (20 ug/
ml). The anti-inflammatory activity of the extract was 
concentration-dependent.

In-vivo Studies

Carrageenan-induced paw edema in rats

In-vivo anti-inflammatory effect of ethanolic extract of 
N. hydrophylla whole plant was evaluated using Carrageenan-
induced paw edema in rats. It was observed that rats are treated 
with ethanolic extract at 250 mg/kg and 500 mg/kg showed 
significant anti-inflammatory activity and caused a significant 
inhibition in the percentage increase Carrageenan-induced rat 
paw edema when compared with standard diclofenac sodium. 
Ethanolic extract of Nymphoides decreased the paw diameter 
when compared with other groups [Table 5].

DISCUSSION

In the present study, the putative analgesic and anti-
inflammatory activities of ethanolic, ethyl acetate, and hexane 
extracts of N. hydrophylla were performed to demonstrate 
their pain- and inflammation-relieving effects. Analgesics 
mainly acts on the central or peripheral nervous system to 
relieve from pain without altering consciousness.[24] Centrally 
acting analgesics mainly act by increasing the threshold for 
pain and altering the pain physiological response. Peripherally 
acting drugs mainly involve the mechanism of inhibiting the 
pain generation impulses at the chemoreceptor level.[25] Three 
different analgesic screening methods were carried out for 
evaluating the possible peripheral and central effects of the 
ethanolic, ethyl acetate, and hexane extracts of N. hydrophylla 
such as tail-flick, Eddy’s hot plate, and acetic acid-induced 
writhing tests, which are the major pharmacological models 
for evaluating the analgesic effect exerted by natural 
products.[26] Both tail-flick and hot plate methods are used for 
screening of centrally acting analgesics,[27] while peripherally 
acting drugs are more sensitive to acetic acid-induced 
writhing test.[28]

In the visceral pain model, that is, acetic acid-induced 
writhing response, the analgesic mechanism of abdominal 
writhing was induced by acetic acid, which mainly involves 
the arachidonic acid (AA) release through cyclooxygenase 
(COX) and PG biosynthesis.[29]
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Ethanolic, ethyl acetate, and hexane extracts of N. hydrophylla 
at the oral dose of 250 and 500 mg/kg significantly decreased 
the acetic acid-induced writhing response in rats. Compared 
to the other two extracts, ethanolic extract has exhibited 
significant analgesic activity of 62.35% at 250 mg/kg and 
76.47% at 500 mg/kg, whereas tramadol (5 mg/kg) showed 
92.94% protection against acetic acid-induced writhing 
in rats and the results are tabulated in Table 4. In tail-flick 
test, ethanolic, ethyl acetate, and hexane extracts of N. 
hydrophylla exhibited significant antinociceptive activity 
by increasing the latency time of responses in rats in a 
concentration-dependent manner, in all tested doses of 250 
and 500 mg/kg can be seen in Table 2. In comparison to 
control, paracetamol (standard drug) produced the highest 
analgesic activity among all tested samples. 

Eddy’s hot plate method produces two behavioral 
components in response to thermal pain, with regard to their 
reaction times. Paw licking and jumping in rats responses 

are supraspinally integrated.[30] Findings from this study 
demonstrated that the ethanolic, ethyl acetate, and hexane 
extracts of N. hydrophylla prolonged the reaction time in the 
hot plate method. This might indicate higher sensitivity of the 
spinally mediated reflex response in Eddy’s hot plate method. 
Ethanolic, ethyl acetate, and hexane extracts of N. hydrophylla 
at the oral dose of 250 and 500 mg/kg significantly prolonged 
the reaction time response in rats. Compared to the other two 
extracts, ethanolic extract has exhibited significant analgesic 
activity of 250 mg/kg at 60 min by 75% and 500 mg/kg at 
60 min by 80.2%, whereas tramadol 5 mg/kg significantly 
inhibited pain perception at 60 min by 84.2% and the results 
are tabulated in Table 3.

Inflammation is a complex physiopathological response 
that involves the activity of inflammatory mediators such 
as neutrophil-derived free radical, reactive oxygen species, 
nitric oxide (NO), PG, and cytokines.[31] This overproduction 
of these mediators results in tissue injury causing damage 

Table 5: In-vivo anti-inflammatory effect of ethanolic, ethyl acetate, and hexane extracts of Nymphoides 
hydrophylla whole plant in carrageenan-induced paw edema in rats

Treatment Mean increase in paw diameter mm
0 h 1 h 2 h 3rd h 4th h

Group-I
Control

1.7±0.03 3.2±0.18 3.7±0.08 4.1±0.2 2.2±0.1

Group-II diclofenac sodium (10 mg/kg) 1.8±0.1 2.3±0.12 2.6±0.1 2.9±0.96 2.3±0.81

Group-III ethanolic extract of Nymphoides hydrophylla  
(250 mg/kg)

1.87±0.28 1.99±0.17 2.13±1.24 2.27±1.51 2.16±0.81 

Group-IV ethanolic extract of Nymphoides hydrophylla 
(500 mg/kg)

1.86±1.81 1.98±1.12 2.15±0.38 2.30±1.08 2.20±0.79

Group-V ethyl acetate extract of Nymphoides hydrophylla 
250 mg/kg

1.87±0.89 1.96±0.18 2.08±1.26 2.19±0.24 2.11±0.87

Group-VI ethyl acetate extract of Nymphoides hydrophylla 
500 mg/kg

1.88±0.78 1.97±1.25 2.11±0.76 2.24±0.84 2.15±1.15

Group-VII hexane extract of Nymphoides hydrophylla  
250 mg/kg

1.88±0.87 1.94±0.74 2.03±1.24 2.14±0.29  2.03±0.17

Group-VIII
hexane extract of Nymphoides hydrophylla 500 mg/kg

1.87±1.15 1.97±0.47 2.06±0.58 2.18±1.26 2.09±074

Table 4: Effect of ethanolic, ethyl acetate, and hexane extracts of Nymphoides hydrophylla whole plant in rats 
using acetic acid-induced writhing responses

Treatment Number of writhing % Inhibition
Control (Group I) 85±0.92 ----------

Tramadol (5 mg/kg) (Group II) 6±0.14 92.94

Group-III ethanolic extract of Nymphoides hydrophylla 250 mg/kg 32±0.29 62.35

Group-IV ethanolic extract of Nymphoides hydrophylla 500 mg/kg 20±0.32 76.47*

Group-V ethyl acetate extract of Nymphoides hydrophylla 250 mg/kg 35±0.56 58.82

Group-VIethyl acetate extract of Nymphoides hydrophylla 500 mg/kg 29±0.23 65.88*

Group-VII hexane extract of Nymphoides hydrophylla 250 mg/kg 40±0.41 52.94

Group-VIII hexane extract of Nymphoides hydrophylla 500 mg/kg 34±0.18 60.00*
All the values are expressed as Mean±SEM, n=6. *P<0.05. Statistically significant difference in comparison with standard group 
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of macromolecules, membrane lipid peroxidation, and 
tissue damage that plays an important role in inflammatory 
diseases. NO generated by NO synthase (iNOS) mainly 
surpasses the physiological amount of NO in macrophages, 
which are usually made by a neuronal form of NOS (nNOS) 
or NOS constitutive form (eNOS), these NO nitrosylates 
macromolecules during the course of inflammatory response. 
NO released causes increased vascular permeability, 
vasodilation, tissue, and endothelial damage that leads to 
inflammation. In chronic inflammation, the pro-inflammatory 
role of NO has been inferred, based on the observation of 
elevated levels of nitrite in rheumatoid synovial fluid.[32] 
Protein denaturation is a phenomena where proteins lose 
their tertiary structure and secondary structure by application 
of external stress or compounds such as strong acid or 
base, a concentrated inorganic salt, and an organic solvent 
or heat. During the process of denaturation, many of the 
biological proteins lose their biological function and this 
is a major cause of inflammation. In the present study, on 
the mechanism of the anti-inflammation activity, ability of 
ethanolic, ethyl acetate, and hexane extracts of N. hydrophylla 
to inhibit protein denaturation was studied. Ethanolic, ethyl 
acetate, and hexane extracts of N. hydrophylla were effective 
in inhibiting heat-induced albumin denaturation. Maximum 
inhibition of 83.94% was observed at 200 μg/ml. Diclofenac, 
a standard anti-inflammation drug, showed the maximum 
inhibition 93% at the concentration of 20 μg/ml compared 
with control [Table 6]. 

Another method of in vitro anti-inflammatory study is 
the HRBC membrane stabilization method because the 

erythrocyte membrane is analogous to the lysosomal 
membrane[33,34] and its stabilization indicates that the ethanolic, 
ethyl acetate, and hexane extracts of N. hydrophylla may 
well stabilize lysosomal membranes. Lysosomal membrane 
stabilization is important in limiting the inflammatory 
response by preventing the release of lysosomal constituents 
of activated neutrophil, such as bacterial enzymes and 
proteases, that causes tissue inflammation and damage 
upon extracellular release causes the various disorder and 
are said to be related to acute or chronic inflammation. The 
NSAIDs act either by inhibiting these lysosomal enzymes 
or by stabilizing the lysosomal.[35] Ethanolic, ethyl acetate, 
and hexane extracts of N. hydrophylla were effective in 
stabilizing the membrane. Maximum stabilization of 52.58% 
was observed at 200 μg/ml. Diclofenac, a standard anti-
inflammation drug, showed the maximum stabilization 
73.7% at the concentration of 20 μg/ml compared with 
control [Table 7]. Standard model of screening for anti-
inflammatory activity in various experimental compounds 
is the Carr-induced inflammation.[36] The edema is mainly 
characterized by the presence of PG and other slow reaction 
compounds.[37] In activated inflammatory cells, COX-2 is an 
inducible isoform that generates inflammation prostanoid 
mediators.[38] For screening anti-inflammatory agents and the 
study of pathogenesis and pathology of the inflammatory and 
nociceptive processes in animal models, inhibition of COX-2 
protein expression has become the most popular target.[39] In 
inflammatory responses, inducing innate immune responses 
by activating T cells and macrophages and stimulating the 
secretion of other inflammatory cytokines, tumor necrosis 
factor-alpha is a major mediator.[40] In the pathogenesis of 

Table 6: In-vitro anti-inflammatory effect of ethanolic, ethyl acetate, and hexane extracts of Nymphoides 
hydrophylla whole plant by protein denaturation method

S. no Concentration % Inhibition
Nymphoides hydrophylla 

ethanolic extract
Nymphoides hydrophylla 

ethyl acetate extract
Nymphoides hydrophylla 

hexane extract
Diclofenac 

sodium
1 10 ug/ml ----- 77.4

2 20 ug/ml ----- 93.7

3 100 ug/ml 65.4 62.3 54.8

4 200 ug/ml 83.94 72.8 63.4
All the values are expressed as mean±SEM, n=3

Table 7: In-vitro anti-inflammatory effect of ethanolic, ethyl acetate, and hexane extracts of Nymphoides 
hydrophylla whole plant by HRBC membrane stabilization method

S. no Concentration % Membrane lysis
Nymphoides 

hydrophylla extract
Nymphoides hydrophylla 

Ethyl acetate extract
Nymphoides hydrophylla 

Hexane extract
Diclofenac 

sodium
1 10 ug/ml ------ 69.6

2 20 ug/ml ------ 73.7

3 100 ug/ml 45.36 40.23 38.25

4 200 ug/ml 52.58 48.35 40.92

All the values are expressed as mean±SEM, n=3
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inflammatory disorders, inhibition of cytokine production 
and action can provide therapeutic benefits. Significant 
correlations exist between cytokine production, COX-2 
protein expression, and PG synthesis in the rats paw tissues 
where edema was invoked by Carr intraplantar injection.[41] 
Ethanolic, ethyl acetate, and hexane extracts of N. hydrophylla 
at dosages of 250 and 500 mg/kg significantly inhibited the 
protein expression of COX-2 level in the rats edema paw 
tissues. The results are tabulated in Table 5.

Phenolics and flavonoids are the secondary metabolites that 
exert biological activities such as antioxidant, antimutagenic, 
and anti-inflammatory. In the expression and activation of 
iNOS, flavonoids are capable of inhibiting them and could 
be used additionally during the treatment of inflammation. 
The role of NO in inflammation indicates that drugs which 
modulate NO production are highly useful in inflammatory 
disease management.[42] AA is metabolized in the body 
through two main metabolic pathways with the enzymes: 
COX and 5-lipoxygenases into PG I2, PG E2, thromboxane 
A2, and leukotrienes.

This study demonstrated that ethanolic, ethyl acetate, and 
hexane extracts of N. hydrophylla exhibited anti-inflammatory 
activity against Carr-induced paw edema and analgesic 
activity against nociceptive responses triggered in rats by 
i.p. acetic acid injection injections. The exact mechanism 
by which ethanolic, ethyl acetate, and hexane extracts of 
N. hydrophylla exerts their analgesic effect was related to 
its anti-inflammatory effect, and this serves as a possible 
rationale for the use of N. hydrophylla in traditional medicine 
for anti-inflammation. Ethanolic extract exhibited significant 
analgesic and anti-inflammatory activities compared to the 
other two extracts which is attributed due to the presence of 
more phenolic and flavonoid content [Table 1].

CONCLUSION

Ethanolic, ethyl acetate, and hexane extracts of N. hydrophylla 
were selected for the study. Phytochemical studies showed the 
presence of alkaloids, flavonoids, saponins, carbohydrates, 
proteins, and amino acids. The antioxidant compounds such 
as phenolics, flavonoids, and alkaloids were quantitatively 
estimated and the ethanolic extract showed the maximum 
of these compounds. In conclusion, our results reveal that 
among all the extracts of N. hydrophylla, ethanolic extract 
exhibited significant analgesic and anti-inflammatory 
activities followed by ethyl acetate and hexane extracts. 
These findings validated the claim for the traditional use of 
this plant in the treatment of pain and inflammatory ailments. 
Further research work is needed to segregate the active 
constituents from the active extract exhibiting significant 
analgesic and anti-inflammatory activities. In addition to 
this research regarding, the mechanism responsible for these 
activities is also required which will guarantee its clinical 
worth. Further research work is required for the estimation of 

all the possible essential elements present in the plant so that 
we can presume the total effectiveness of the plant.
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