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ABSTRACT

Objective: The objective of the present study is to determine the anti-inflammatory effect of a partially purified lectin from phloem exudates against 
paw edema mice model.

Methods: Partially purified lectin was prepared by phloem exudates in phosphate buffer saline followed by ammonium sulfate precipitation and 
dialysis. Anti-inflammatory activity was determined against carrageenan-induced mice model and inhibition of nitric oxide (NO) production was 
determined.

Results: Partially purified lectin exhibited promising anti-inflammatory activity at 50 mg/kg b.w. by reducing the edema volume significantly up to 
64% (**p<0.01) against control mice. Decrease in myeloperoxidase activity and NO production in paw exudates was observed up to 55.90 (*p<0.05) 
and 47.22% (*p<0.05), respectively, and this supports the anti-inflammatory property of the partially purified lectin.

Conclusion: This finding indicated that further studies needed to purify and characterize a novel lectin from Praecitrullus fistulosus for elucidating the 
molecular mechanism of anti-inflammatory activity.
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INTRODUCTION

Inflammation is an evolutionary process in the body gain a great 
benefit for maintaining homeostasis. The inflammation may cause due 
to a microbial infection, cellular damage, stress and other chemicals 
irritants, etc. [1]. Among vertebrates, the inflammatory cascade is 
a complex process associated with immunological, physiological, 
and behavioral responses associated with cytokines and other 
immunological signaling molecules [2]. The cascade mainly involves 
an increase in microvessel permeability, migration of cell types, the 
growth of new tissues, and blood vessels [3]. During inflammation, a 
diverse group of molecules or substances called as pro-inflammatory 
mediators such as histamines, bradykinins, nitric oxide (NO), 
serotonin, and prostaglandins was released. These substances may 
significantly contribute to the classical picture of heat, redness, pain, 
selling, and diminished function associated with inflammation and 
may cause hyperalgesia or allodynia [4]. Acute inflammation refers 
to the initial response of the immune system against foreign bodies 
and tissue injury. It is a rapid time-limiting process, mediated by 
various substances such as eicosanoids and vasoactive amines which 
significantly stimulate the plasma movement and leukocytes into 
the inflammation site [5]. During tissue inflammation, increases in 
vasodilatation and recruitment of capillaries and increases in vascular 
permeability cause extravasations of plasma to lead to tissue edema. 
This causes migration of leukocytes, especially neutrophils [6]. Free 
radical species such as hydrogen peroxide (H2O2), NO, molecular 
oxygen (O2-), and superoxide radicals may significantly contribute to 
tissue inflammation. Especially, NO plays a key role in cell survival and 
cell death, cause pro-inflammatory effects on various immune and 
associated cells [7]. Increases in NO show the significant increases in 
macrophages in inflammatory sites.

It has been reported that currently available anti-inflammatory drugs 
which include NSAIDs (nonsteroid anti-inflammatory drugs) and 

opioids were not functioning in all cases, due to their low potency. 
These drugs cause side effects on gastrointestinal complications such 
as ulcers, perforating, vomiting or nausea, bleeding, constipation, and 
cognitive impairment [8]. As a result, the identification or development 
of novel alternatives has necessary and beneficial [9]. Previous studies 
taken up by various research groups showed that the effect of plant-
derived lectins can alter the immune system and thereby it blocks the 
inflammation cascade. Lectin from Caulerpa cupressoides possesses 
anti-inflammatory activity by inhibiting the leukocyte migration in a 
murine model of inflammation and lectin from Synadenium carinatum 
inhibits recruitment of immune cells to the lung in an asthma murine 
model by altering the expression of transcription factor necrosis factor 
(NF-kB) [10,11]. In the present report, we investigate the partially 
purified lectin; Praecitrullus fistulosus lectin-like protein (PfLP) which 
possesses anti-inflammatory activity against carrageenan-induced 
paw edema in mice model. We also evaluate the NO content in paw 
homogenate tissues. Decreases in NO content in treated group support 
the anti-inflammatory activity of PfLP. In future dietary, lectin may 
play a key role to develop a novel therapeutics against various diseases 
associated with inflammation.

METHODS

Materials
All the chemicals used in the present study were procured from Sigma-
Aldrich and Hi-Media.

Collection and authentication of plant material
Samples were collected from local area farmers, Mysore, and 
authenticated by Dr.  Sharvani K.A, Assistant professor, Department 
of Botany, Yuvaraja’s College, University of Mysore, Mysuru. The 
herbarium (Accession number: YCM(UOM)0266) was prepared and 
deposited at the Department of Botany, Yuvaraja’s College, University 
of Mysore.
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Preparation of phloem exudates
Phloem exudates were processed and prepared as described earlier 
and the partially purified lectin sample was prepared and named as 
PfLP [12]. Protein concentration was determined using the Bradford 
assay as described earlier [13].

In vivo anti-inflammatory activity
Animals
Male Swiss albino mice (27±2 g) were obtained from the Central animal 
facility, DOS in Zoology, University of Mysore, Mysuru. The animals were 
maintained as per the Institutional Animal Ethical Committee (IAEC- Ref 
No: UOM/IAEC/10/2017) guidelines. They are fed with standard diet 
and water ad libitum procured from Krishna enterprises, Bengaluru. 
All animals were acclimatized for 1 week with a constant temperature 
of 22±2°C, with 12 h dark-light cycle, before the experimental sessions.

Preparation of 1% of carrageenan
Carrageenan was procured from Sigma-Aldrich. 1% of carrageenan was 
prepared by dissolving 0.1 g of carrageenan in 10 ml of 0.9% NaCl.

Carrageenan-induced paw edema assay
Anti-inflammatory activity of PfLP was evaluated by the acute 
inflammatory study as described earlier with slight modifications [14]. 
Acute inflammatory was induced using 1% of carrageenan (100 µl/paw) 
into the right hind paw of each mouse. The edema was induced by 
injecting into subplantar tissue of the right hind paw of each mouse. 
Group I receives saline acts as control, Groups II and III receive 25 mg/
kg and 50 mg/kg of PfLP, respectively, and Group IV receives diclofenac 
(10  mg/kg) were administered intraperitoneally, 1  hr before the 
injection of carrageenan and paw volume was measured using Vernier 
caliper and leg weight was recorded at post scarification of the animals.

Histopathology staining
Histological changes of treated and untreated samples were examined 
as described earlier in section. Briefly, collected paw edema tissues from 
various groups were fixed using 4% paraformaldehyde and embedded 
in paraffin wax and 10 µm sections were made using microtome (SLEE 
Cryostat). The sections were observed under low power (910) light 
microscope to identify the histological changes.

MPO assay
Myeloperoxidase (MPO) activity was determined to evaluate the 
neutrophils concentration in the inflammation tissue as described earlier 
with slight modifications [15]. Briefly, tissue from paw was homogenized 
using 1 ml of buffer (5 g HTAB/L in 50 mM potassium phosphate buffer, 
pH  6) using homogenized, and homogenized samples were subjected 
to centrifugation at 10,000 rpm at 4°C for 10 min and supernatant was 
subjected to enzyme activity, as an index of migration of cells, using the 
method as described earlier [16]. Obtained 100 µl of the supernatant 
was incubated with 2.9  ml of phosphate buffer containing substrate 
(0.167 g mg/ml of O-dianisidine with 0.0005% H2O2). The absorbance 
was read spectrophotometrically at A460  nm using visible light for 
2 min. Enzyme activity per gram tissue was calculated as follows:

( ) ( )∆ 
= 

 

460 13.5
  

  ( )
A XUnitsMPO activity

gm paw tissueweight g

Where, ΔA460 was changing in absorbance at 460  nm from 30 to 
90 s (2  min measurements), 13.5 is coefficient determined that 
1 unit MPO activity was the amount of enzyme that would reduce 1 mM 
peroxide/min.

No production assay
The nitrite level in carrageenan-treated control and treated mice was 
determined as described earlier [17]. Homogenize clear supernatant 

was used as an indicator of NO production using Griess reaction. Briefly, 
the 150 µl of supernatant were incubated with an equal volume of Griess 
reagent (1% sulfanilamide prepared in 3 N HCl and 0.1% N-naphthyl 
ethylenediamine) for 10 min at room temperature, and absorbance was 
read at 540 nm using a microplate reader and nitrite concentration was 
determined by comparing with standard graph construct using sodium 
nitrite.

Statistical data analysis
Values are expressed as mean ± standard error of the mean for control 
and experimental samples. Statistical analysis was performed by 
analysis of variance, followed by the Bonferroni’s test and Student’s 
t-test using GraphPad software prism 5.1.

RESULTS

Effect of PfLP on carrageenan-induced paw edema in mice
The results of i.p administration of diclofenac (10  mg/kg) and PfLP 
(25  mg/kg and 50  mg/Kg body weight) after 4-h induction on 
carrageenan-induced paw edema (mm3) against control group were 
summarized in Fig 1c. Change in leg weight of each mouse in a group 
(standard deviation ± mean value) also summarized in Fig 1d. On 
administration of PfLP shows a significant reduction in edema volume 
at all doses, i.e., 25 mg/kg shows 28.45±2.37% (*p<0.05) and 50 mg/kg 
shows 64.01±1.97% (**p<0.01) of inhibition against a control group. 
The standard drug diclofenac shows a significant reduction in edema 
of 68.87±3.21% (**p<0.01) at 10 mg/kg following of its administration 
against to the untreated control group.

Examination of paw tissue supports the anti-inflammatory activity of 
PfLP effectively inhibits neutrophils accumulation in the inflamed area. 
A large number of neutrophils were accumulated in inflammatory tissue 
area when compared with the diclofenac-treated and PfLP-treated mice 
groups as shown in Fig. 1a.

Effect of PfLP on MPO activity in carrageenan-injected mice
Results of i.p administration of PfLP on MPO activity (Abs at 450 nm) 
were evaluated that in carrageenan-injected mice hind paw tissue 
lysate is shown in Fig 2a. PfLP gradually decreases the MPO activity 
in PfLP-treated animals at the two different does, i.e. 25 mg/kg (0.721 
OD-**p<0.01) and 50 mg/kg (0.411-OD; ***p<0.001) against a control 
group (0.925 OD), whereas diclofenac shows significant decreases in 
the MPO activity at 10 mg/kg (0.324-OD; ***p<0.001).

Effect of PfLP on NOx levels in carrageenan-injected mice
Effect of PfLP on NO production in treated and control group mice were 
determined by estimate the nitrite concentration (µM) using Griess 
reagent was summarized in Fig 2b. On treatment in a dose-dependent 
study with PfLP-treated group mice shows significant decreases 
in nitrite level up to 27±1.03 (µM) (*p<0.05) and 17.5±0.978 (µM) 
(**p<0.001) at 25 mg/kg and 50 mg/kg, respectively, compared to the 
untreated control mice of 36±2.01 (µM). Significant reduction of nitrite 
concentration is directly proportional to the NOx concentration during 
inflammation site. Whereas, mice received standard drug diclofenac 
(10 mg/kg) show a drastic reduction in nitrite level up to 12±1.45 (µM) 
(**p<0.001) level.

DISCUSSION

Inflammatory reactions, characterized by various cellular and vascular 
process, have an important role in the activation of lipoxygenase 
(LOX) and cyclooxygenase enzyme (COX) resulting in the release of 
inflammatory molecules such as prostaglandins and leukotrienes 
derivatives. During tissue damage/vascular inflammation, the number 
of events that taking place to cause inflammation such as migration 
of leukocytes, production of pro-inflammatory cytokines such as 
interleukins, NO, tumor necrosis factor-α, NF-kB translocation, tissue-
specific expression of LOX, and COX cascades leads to the production 
of prostaglandins and leukotrienes [18]. Developing novel non-toxic 
therapeutics are one of the challenges ahead in the field of inflammation 
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biology. At present, available drugs exhibit secondary complication 
such as depletion of hematological cells, hepatotoxicity, and renal 
dysfunction. Several reports have shown the anti-inflammatory or 
acute inflammation inhibition studies using plant lectins in mice 
models. Recently, chitin-binding lectin from Canna limbata seeds and 
lectin from Bauhinia monandra possesses anti-inflammatory and 
antinociceptive activity in mice model [19,20].

Our previous study exhibits promising lectin activity in phloem 
exudates of Praecitrullus fistulosus [21]. With the continuation of our 
work, we elucidate the role of lectin during inflammatory condition. On 
pre-treatment of PfLP before the subplantar injection of carrageenan 
exhibits promising anti-inflammatory activity in a dose-dependent 
manner. The decrease in the paw volume and leg weight supports our 
findings. Previous studies showed that lectin from plants competitively 
binds the glycosylated selectin on the extracellular membrane of 
leukocytes and endothelial cells and thereby it reduces the rolling and 
adhesion of neutrophils on the endothelium region [22]. From the study 
suggested that the lectins inhibit the vascular inflammation mediated 
by adhesion of immune cells [23]. Extravasations of neutrophils or 
migration of neutrophils into the inflamed area lead to cause activation 
of tissue-specific hydrolytic enzymes [24]. Histopathology studies 
of both treated and control mice suggesting that a decrease in the 
accumulation of neutrophils in the inflamed region supports the anti-
inflammatory activity of PfLP. Increase in MPO activity is considered as 

a hallmark of cell infiltration (mainly neutrophils) in the inflamed tissue 
region. MPO enzyme abundantly found in neutrophils and it low amount 
in macrophages and monocytes [25]. Neutrophils concentration in the 
inflamed tissue area was measured by estimating the MPO activity. 
Histopathology studies and MPO estimation in tissue area support the 
anti-inflammatory activity of PfLP.

NO is a free radical produced in mammalian cells, plays an important 
role in cell survival and death, and exhibits a pro-inflammatory 
effect in various types of cells [7]. NO causes a detrimental effect on 
normal cells which may act as toxic. Harmful effects of NO depend 
on the NO concentration, combination, and formation of toxic 
derivatives, pathophysiological condition, and responses of target 
tissue/cell  [26,27]. Therefore, inhibition of NO production during the 
inflammatory process may be the potential therapeutic implications. In 
this study, we evaluate the NO concentration in the hind paw tissue in 
both control and treated mice, as shown in Fig 2b. PfLP significantly 
inhibits the NO production in the carrageenan-injected mice at the dose 
of 50 mg/kg body weight compared to the control mice, in the late phase 
of the inflammation. This shows the anti-inflammatory effect of PfLP. 
From the above studies, we conclude that lectin may have the potential 
ability to inhibit or alter the inflammation responses by involved in the 
various pathways.

CONCLUSION

This work summarizes the anti-inflammatory activity of a PfLP from 
Praecitrullus fistulosus that is predominantly attributable inhibition of 
acute inflammation in a paw edema model. The study also suggested 
that PfLP may involve the inhibition of NO production by altering the 
NOS enzyme activity, thereby it reduces the inflammatory associated 
pain. However, it has been suggested that further molecular mechanism 
needs to explore the involvement of PfLP in reducing inflammation, and 
it may consider as a promising candidate in the development of new 
therapeutics against inflammation-associated diseases.
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