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a b s t r a c t

The leaf of Nymphaea lotus has been used traditionally for the management of pain and inflammatory
diseases. The methanol leaf extract of Nymphaea lotus (NLE) was evaluated for possible anti-nociceptive
and anti-inflammatory activities in rats and mice (at the doses of 250, 500 and 1,000 mg/kg) to inves-
tigate the existence of scientific basis for the folkloric use of the plant. The standard drugs used were
piroxicam (10 mg/kg) and morphine (10 mg/kg). The possible pharmacological mechanism involved in
the anti-nociceptive activity was also investigated. The acute toxicity was determined in mice and rats
using method of Lorke. The anti-nociceptive activity was evaluated using acetic acid-induced writhing
and hot plate tests in mice, while the anti-inflammatory activity was evaluated using carrageenan-
induced hind paw edema model in rats. The oral median lethal dose of NLE was found to be greater
than 5,000 mg/kg in rats and mice. NLE demonstrated significant and dose-dependent protection against
acetic acid induced writhes and increased the reaction time of mice in hot plate test. Pretreatment of the
animals with naloxone (2 mg/kg) significantly (p < 0.05) attenuated the anti-nociception elicited by both
NLE and morphine. NLE at the doses of 250 and 1,000 mg/kg significantly (p < 0.05) decreased rat paw
edema at the 2nd hour in the carrageenan-induced paw edema test. The result of the study revealed that
Nymphaea lotus possesses anti-nociceptive activities which may be mediated via the opioidergic system
as well as mild anti-inflammatory activities thus providing scientific basis for the use of the plant in the
management of pain and inflammatory diseases.
© 2020 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

The use of plants as medicine is an ancient practice common to
all societies especially the African society and these practices
continue to exist in the developing nations.1 About 80% of Africans
rely on traditional plant medicine for their primary health care
needs2 of which a major portion involves the use of plant extracts
or their active principles.3 It is on these basis that researchers keep
onworking on medicinal plants in order to produce and/or develop
for Food and Biomolecules,
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the best medicines for therapeutic use.4

Pain as defined by International Association for the Study of Pain
(IASP), is an unpleasant sensory and emotional experience associ-
ated with actual or potential tissue damage or described in terms of
such damage.5 It produces significant level of disability affecting
economic and societal status.1 Inflammation is a defensive mech-
anism of the body to remove injurious stimuli and initiate healing
process for the tissue, but if it proceeds unchecked, it can lead to
onset of certain diseases such as rheumatoid arthritis and athero-
sclerosis.6 Inflammatory diseases remain one of the world’s major
health problems.7 Currently available drugs used for the manage-
ment of pain and inflammatory diseases are associated with
different adverse effects. Moreover, high cost of acquiring the
drugs, side effects, toxicities, has limited their use and warrants the
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screening of potential alternative therapies. The search for phar-
macological agent to overcome these shortcomings has become a
major goal in pain research. Plants which have been used as med-
icine over hundreds of years constitute an obvious choice for ex-
amination in the current search for therapeutically active drugs.8

Nymphaea lotus Linn is one of such plants. Therefore we evalu-
ated the anti-nociceptive and anti-inflammatory potential of the
methanol leaf extract of Nymphaea lotus (Nymphaeaceae) inWistar
rats and Swiss albino mice.

2. Materials and methods

2.1. Collection and identification of the plant

The fresh leaf sample of Nymphaea lotus were collected from
Zaria, Kaduna State, Nigeria, in December, 2014. It was identified
and authenticated by Mallam Namadi Sanusi, a plant taxonomist at
the Herbarium section of the Department of Biological Sciences,
Faculty of Sciences, Ahmadu Bello University, Zaria, and voucher
specimen number 894 was obtained for future reference.

2.2. Experimental animals

Wistar rats (150e200 g) and Swiss albino mice (18e22 g) of
either sex used for the study were obtained from the animal house
facility of the Department of Pharmacology and Therapeutics,
Faculty of Pharmaceutical Sciences, Ahmadu Bello University, Zaria,
Nigeria. They were housed in standard animal cages at room tem-
perature and maintained on a standard diet (Vital feeds, Jos,
Nigeria) with water ad libitum. The experiment was carried out in
accordance with the criteria outlined in the Guide for the Care and
Use of Laboratory Animals by the National Institutes of Health
(Publication No. 80-23, revised 1996).

2.3. Drugs and chemicals

Glacial acetic acid (Searle, Essex, England), carrageenan (Sigma-
Aldrich, Laborchemikalein GmBH, Germany), piroxicam injection
(Pfizer), naloxone hydrochloride (Abcam Plc, Cambrige U.K),
% inhibition ¼ average writhes ðcontrolÞ � average writhes ðtreatedÞ
average writhes ðcontrolÞ x 100
morphine sulphate (Martindale Pharmaceuticals, U.K), Dra-
gendorffs reagent, Chips of magnesium metal, Ferric Chloride,
Wagner reagent, Sulphuric acid (BDH Ltd, poole, England), Leish-
man Stain, Agappe Kits (Creatinine PN 51009001, Urea PN
51216001, Sodium PN 510014001 and Potassium PN 51015002),
Labcare diagnositic kits, Randox kits (Ref AST AS101) and (Ref ALT
AL100) and Dolabo kits (Ref ALP AP307) were used in the study.
2.4. Preparation of the plant extract

The leaf of Nymphaea lotus were cleaned, air dried under shade
until crimpy, they were grounded into a coarse powder using
mortar and pestle. The powdered leaf weighing 725.83 g was
extracted by cold maceration method with 70% methanol for 72 h
with occasional shaking. The extract was then filtered and
concentrated over a water bath set at 50 �C. The percentage yield
was calculated. The extract was then preserved in a labeled air tight
container for future use. Stock solutions were freshly prepared with
distilled water for each experiment.

2.5. Phytochemical screening

Preliminary phytochemical screening of the methanol leaf
extract of Nymphaea lotus (NLE) was carried out using standard
method of analysis.9

2.6. Oral acute toxicity studies

The oral acute toxicity studies of methanol leaf extract of
Nymphaea lotus (NLE) in mice and rats was conducted using Lorke’s
method (1983). The study was carried out in two phases and ani-
mals were deprived of food for 12 h prior to administration of the
NLE. In phase 1, three groups of three rats/mice per group were
treated with 10, 100 and 1000 mg/kg per body weight orally. The
treated rats/mice were observed for signs of toxicity or death for
the first 3 h and intermittently for 24 h. In phase 2, three rats/mice
were orally administered NLE at doses of 1600 mg/kg, 2900 mg/kg
and 5000 mg/kg per body weight respectively (based on the result
in phase 1). The animals were then observed for signs of toxicity or
death for the first 3 h and intermittently for 24 h.

2.7. Anti-nociceptive studies

2.7.1. Acetic acid induced writhes test in mice
The method described by10 was used. Thirty mice were

randomly distributed into five groups of six mice each, they were
orally administered distilled water (10 ml/kg), NLE (250, 500 and
1,000 mg/kg) and piroxicam (10 mg/kg). Sixty minutes post treat-
ment, acetic acid 0.6% v/v (10 ml/kg) was intraperitoneally
administered to each mouse. Five minutes after acetic acid injec-
tion, the mice were placed in individual cages and the number of
abdominal contractions (writhes) was counted for eachmouse for a
period of 10 min. For scoring purposes, a writhe was indicated by
stretching of the abdomen with simultaneous stretching of at least
one hind limb. The formula used for computing percentage inhi-
bition is as follows:
2.7.2. Hot plate test in mice
The method of Eddy11 was used for the study. Thirty mice were

randomly divided into five groups of six mice each. The mice were
orally administered distilled water (10 ml/kg), NLE (250, 500 and
1,000 mg/kg) and morphine (10 mg/kg). Mice were individually
placed on a hot plate (55 ± 1 �C) before drug treatment so that each
mouse serves as its own control. Sixtyminutes post treatment, each
mouse was placed on the hot plate, the time until the mouse either
licked the paw, fluttered any of the paws or jumped was taken as
reaction time and recorded. A cutoff time of 20s was used to avoid
paw tissue damage. The latency was observed and recorded after
30, 60, 120 and 180 min. The percentage protection against thermal
pain stimulus (% PATPS) was calculated as follows:

% PATPS ¼ latency ðtreatmentÞ � latency ðcontrolÞ
latency ðcontrolÞ x 100
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2.8. Test for the involvement of opioid receptors in the anti-
nociceptive effect of NLE

The method described by Younos12 was employed. Thirty mice
were randomly divided into five groups of six mice each. The mice
were administered with the extract thus; group 1: distilled water
(10 ml/kg, p.o), group 2: NLE (1,000 mg/kg p.o), group 3: Naloxone
(2 mg/kg, i.p) then (after a 10 min interval) NLE (1,000 mg/kg p.o),
group 4: morphine (10 mg/kg, p.o), and group 5: Naloxone (2 mg/
kg, i.p) then (after a 10 min interval) Morphine (10 mg/kg p.o). The
animals were subjected to hotplate test, pain score was observed
and recorded as earlier described.

2.9. Anti-inflammatory study

2.9.1. Carrageenan-induced paw edema
The method previously described by Winter13 was used. Thirty

rats were randomly divided into five groups of six rats each, they
were orally administered distilled water (1 ml/kg), NLE (250, 500
and 1,000 mg/kg) and piroxicam (10 mg/kg). Sixty minutes later
acute inflammation was induced by injecting 0.1 ml carrageenan.
Carrageenan was prepared as 1% solution in 0.9% NaCl. The paw
volume was then measured at 0, 1, 2, 3, 4 and 5 h using digital
Vernier caliper to determine the diameter of edema. The difference
between the reading at 0 h and different time intervals was taken as
the thickness of edema. This was used to calculate the edema index
by subtracting the reading at 0 h from the readings at the different
time intervals.

2.10. Statistical analysis

Values were expressed as Mean ± Standard Error of the Mean
(SEM). The data were analyzed by one way analysis of variance
(ANOVA) followed by Dunnett or Bonferroni post hoc test for
Multiple Comparison using the graph pad prism (statistical) soft-
ware. The differences between means were considered significant
at p � 0.05.

3. Results

3.1. Acute toxicity study

The mice and rats showed no signs of toxicity and no mortality
was recorded during the acute toxicity study. The oral median le-
thal dose value for mice and rats was estimated to be greater than
5,000 mg/kg.

3.2. Preliminary phytochemical screening

Preliminary phytochemical screening of the methanol leaf
extract of Nymphaea lotus (NLE) revealed the presence of cardiac
Table 1
Preliminary qualitative phytochemical study of methanol leaf extract of Nymphaea lotus.

S/N Constituents Test

1 Carbohydrates Keller-Killiani
2 Saponins Frothing
3 Steroids and triterpenes Lieberman-Buchards
4 Flavonoids Shinoda

Sodium hydrochloride
5 Tannins Ferric chloride
6 Alkaloids Dragendoffs

Wagner
7 Anthraquinones Bontrager
glycosides, saponins, steroids/terpenoids, flavonoids, tannins and
alkaloids (Table 1).

3.3. Anti-nociceptive studies

3.3.1. Effect of methanol leaf extract of Nymphaea lotus on acetic
acid-induced writhes in mice

The methanol leaf extract of Nymphaea lotus (NLE) induced a
significant and dose-dependent anti-nociceptive effect against
acetic acid-induced peritoneal pain. Doses of 250, 500 and
1,000 mg/kg of methanol leaf extract of Nymphaea lotus produced
anti-nociceptive effect characterized as a significant reduction
(p < 0.01) in the number of writhes (14.33 ± 1.6, 8.83 ± 3.25 and
7.33 ± 1.97 respectively) in the writhing test compared to the
negative control (30.50 ± 2.96). The standard drug piroxicam
10 mg/kg also significantly (p < 0.001) reduced the number of
writhes to 4.00 ± 1.57. NLE at 250, 500 and 1,000 mg/kg elicited
percentage writhes inhibition of 65.85%, 73.77%, and 77.23%
respectively; while piroxicam 10 mg/kg elicited 86.88% (Fig. 1).

Data are expressed as mean ± SEM (n ¼ 6 per group). *p < 0.01,
**p < 0.001 significant difference from control. DW ¼ Distilled
water, NLE ¼ Methanol leaf extract of Nymphaea lotus, PRX ¼ Pir-
oxicam (10 mg/kg).

3.3.2. Effect of methanol leaf extract of Nymphaea lotus on hot plate
test in mice

The effects of the methanol leaf extract of Nymphaea lotus (NLE)
on mean reaction time in the hot plate test are presented in Fig. 2.
The extract at the doses tested; significantly (p < 0.05) increased
the latency to response in a dose dependent manner. NLE at
1,000 mg/kg elicited an increase in response latency at all-time
points tested. However, at 500 mg/kg NLE exhibited significant
increase in latency response at 60 min, 120 min and 180 min. While
at 250 mg/kg the effect was only observed at 120 and 180 min.
Morphine (10 mg/kg) the positive control showed similar effect as
that of 1,000 mg/kg.

Data are expressed as mean ± SEM time in seconds (n ¼ 6 per
group). *p < 0.05, **p < 0.01, ***p < 0.001 significant difference
from negative control (Distilled water 10 ml/kg). DW ¼ Distilled
water (10 ml/kg), NLE ¼Methanol leaf extract of Nymphaea lotus in
mg/kg, MPH ¼ Morphine (10 mg/kg).

3.4. Interactive study

3.4.1. Effect of methanol leaf extract of Nymphaea lotus on hot plate
test following pre-treatment with naloxone

Mice were pretreated with naloxone (2 mg/kg i.p), a non-
selective opioid receptor antagonist. The most effective dose of
NLE (1,000 mg/kg) was selected for the study. NLE alone elicited
increased latency to response to thermal stimulus. Pre-treatment
with naloxone reduced (p < 0.05) the anti-nociceptive effect of
Observation Inference

Pale green colour Present
Presence of honey comb froth Present
Presence of purple colour Present
Presence of red colour Present
Presence of yellow colour Present
Presence of greenish black precipitate Present
Reddish brown precipitate Present
Whitish precipitate Present
Bright pink colour Absent
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NLE. The anti-nociceptive effect of morphine was also reversed
(p < 0.001) by pretreatment with naloxone (Fig. 3).

*p < 0.05, **p < 0.01, ***p < 0.001 significant difference from
negative control (Distilled water, 10 ml/kg), 1p < 0.5, 2p < 0.01,
3p < 0.001 significant difference from NLE group, ap < 0.01,
bp < 0.001 significant difference from MPH group. NLE ¼ Methanol
leaf extract of Nymphaea lotus (1,000 mg/kg), NAL ¼ Naloxone
(2 mg/kg), MPH ¼ Morphine (10 mg/kg).

3.5. Anti-inflammatory study

Effect of methanol leaf extract of Nymphaea lotus on carrageenan
induced paw edema in rats.

Following the injection of 1% carrageenan into the sub-plantar
region of the hind paw of rats in the distilled water group; the
diameter of the rat paw increased as edema developed reaching its
maximum at the second hour indicating inflammatory activity
(Fig. 4). The methanol leaf extract of Nymphaea lotus (250 mg/kg
and 1,000 mg/kg) significantly (p < 0.05) decreased paw edema at
the 2ndhour with percentage inhibition of 35.8% and 41.73%
respectively. Piroxicam the standard drug decreased the edema at
all-time points (p < 0.01).

Data are expressed as mean ± SEM (n ¼ 6 per group). *p < 0.05,
**p < 0.01 significant difference from negative control (Distilled
water, 1 ml/kg) DW ¼ Distilled water, NLE ¼ Methanol leaf extract
of Nymphaea lotus in mg/kg, PRX ¼ Piroxicam (10 mg/kg).

4. Discussion

The oral LD50 value of the methanol leaf extract of Nymphaea
lotus (NLE) in both rats and mice were greater than 5,000 mg/kg
body weight. This suggests that the extract is practically non-toxic
orally, at acute dose levels according to the lethal dose classification
of toxic levels of chemicals by Lorke.14
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The qualitative phytochemical screening of the methanol leaf
extract of Nymphaea lotus revealed the presence of cardiac glyco-
sides, saponins, steroids/terpenoids, flavonoids and alkaloids.
These phytochemicals are known to be responsible for several
pharmacological activities including the observed anti-nociceptive
and anti-inflammatory effects. Anti-nociceptive and anti-
inflammatory activities have been observed with phytochemicals
such as flavonoids, tannins, alkaloids, saponins Terpenoids and
steroids.15e18 The anti-nociceptive and anti-inflammatory effects
observed by methanol leaf extract of Nymphaea lotus was believed
to be due to the presence of the several phytochemicals.
The acetic acid induced writhes test is a sensitive method used
to evaluate potential anti-nociceptive drugs or compounds that act
peripherally such as NSAIDs19,20 and centrally acting analgesics
such as morphine.20,21 The injection of acetic acid intraperitoneally
produces an abdominal writhing response due to sensitization of
chemoreceptors by prostaglandins.22 This model has been associ-
ated with increased level of prostaglandins particularly PGE2 and
PGEa in peritoneal fluids as well as lipoxygenase products. This
enhances inflammatory pain by increasing capillary perme-
ability.23,24 The positive control, piroxicam (10mg/kg p.o) exhibited
significant writhes inhibition in mice, eliciting peripherally acting
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analgesic effect. Piroxicam reduced the number of writhes induced
by acetic acid by inhibiting cyclooxygenase (COX) in peripheral
tissues thereby blocking the release and/or synthesis of inflam-
matory mediators.21 Similarly, oral administration of NLE demon-
strated significant and dose dependent attenuation of acetic acid-
induced writhes in mice. Thus the anti-nociceptive effect exhibi-
ted by the NLEmay be due to inhibition of the synthesis and release
of prostaglandins and other endogenous substances. The reduction
of acetic acid-induced writhes in mice by NLE indicates that the
extract may be acting peripherally and/or centrally via the
nociceptors.

The hot plate method as described by Eddy11 is the most
commonly used thermal nociception model in the evaluation of
central analgesic efficacy of drugs or compounds. The hot plate
method is one of the most common tests of nociception that is
based on a phasic stimulus of higher intensity.25 Pain induced by
thermal stimulus of the hot plate is specific for centrally mediated
nociception.26 Therefore, the prolongation of reaction latency to
pain induced thermally in mice using this model suggests centrally
acting anti-nociceptive activity.24 The methanol leaf extract of
Nymphaea lotus, at different doses significantly increased reaction
time of mice in a dose dependent pattern in the hot plate test. The
extract at the dose of 1,000 mg/kg gave the highest percentage
protection against thermally induced pain which was comparable
to that of morphine (10 mg/kg) the control drug. This demonstrates
that NLE possesses anti-nociceptive activity mediated via central
mechanism.

To determine if the opioidergic system is involved in the anti-
nociceptive activity of NLE, the anti-nociceptive effect of NLE was
assessed in the presence of naloxone using the hot plate test.
Naloxone is a non-selective opioid receptor antagonist which acts
on the mu (m), kappa (k) and delta (ɖ) opioid receptors.27 The most
effective dose 1,000 mg/kg of NLE in the previous experiment was
used for the study. Naloxone significantly inhibited the anti-
nociceptive effect of NLE suggesting that activation of the opioi-
dergic system is involved in the anti-nociception produced by NLE.
Expectedly, naloxone also inhibited the anti-nociception produced
by morphine.

Carrageenan injection into rat paw produces a local acute in-
flammatory reaction that is a suitable criteria for the evaluation of
anti-inflammatory agents.13 The time course of edema develop-
ment in carrageenan induced paw edema model in rats is generally
presented by a biphasic curve.28 The first phase which occurs be-
tween 0 and 2.5 h after injection of the phlogistic agent has been
attributed to the release of histamines or serotonin.29 The edema
volume reaches its maximum approximately 3 h post treatment
and then begins to decline. The second phase of the inflammatory
reaction is caused by the release of bradykinins, protease, prosta-
glandins and lysosomes.29,30

Following the injection of 1% carrageenan into the sub-plantar
region of the rats’ paw in the negative control group; the diam-
eter of the rats’ paws increased as edema developed reaching its
maximum at the second hour indicating inflammatory activity. NLE
(250 and 1,000 mg/kg), significantly decreased paw edema at the
2nd hour after injection. However, the 500mg/kg dose did not show
significant reduction in paw edema. NLE failed to significantly
inhibit paw edema at the 3rd, 4th and 5th hour, while piroxicam the
positive control exhibited significant inhibition of the carrageenan
induced inflammation at the 1st, 2nd,3rd,4th and 5th hour.

The extract elicited its anti-inflammatory effect in the early
phase. The ability of NLE to inhibit carrageenan-induced paw
edema suggests it possess significant effect against acute-
inflammation. This further demonstrates the possible central ef-
fect of NLE, as all centrally acting agents inhibit this phase of
inflammation.31,32
5. Conclusion

The result of the present investigation demonstrates that NLE
possesses strong antinociceptive activity in laboratory animals.
Furthermore, we show that the activity of the extract may involve
opioidergic mechanisms. The extract also exhibited anti-
inflammatory properties. Taken together, our findings provide
pharmacological rationale for the traditional use of this plant for
the treatment of pain and inflammatory conditions. Further studies
are required to isolate the possible bioactive constituents respon-
sible for these activities.
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