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Abstract

Lectins are carbohydrate-binding proteins of non-immune origin. They are essential components of plant active
substances used by the plant in its system of defense and symbiotic interactions. It is expected that there is a
relation between immunomodulatory activity of the protein extract and its content of lectin. In this study, we are
aiming to explore the relation between the lectin content and the immunomodulatory activity using the
erythroagglutination test of a group of immunomodulating protein plant extracts previously evaluated. The result
shows that there is no relationship between the immunostimulatory activity and the presence or absence of
lectins; lectins are not always immunostimulatory compounds; and they can also depressed immune activity. The
erythro-agglutination is found qualitatively and quantitatively depending on the nature of lectin and its
concentration in the protein extracted. Therefore, the lectin immunostimulatory effects found can also be used
with an adjuvant effect in vaccine development; while, the lectin immunoinhibitory effects can be used in the
cancer therapy.
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1. Introduction

Plant resources constantly providing and enhancing the health care system by providing new natural bioactive
substances such as lectins. This lectin are defined as protein or glycoprotein non-immune origin with a
carbohydrate through at least two binding sites, which agglutinate cells and precipitating polysaccharides,
glycoproteins or glycolipids (Goldstein et al., 1980). The presence of lectins is mainly detected throught a
hemagglutinating assay (Frost et al., 1975; Qu et al., 1986; Kennedy et al., 1995).

Regarding to the biological role of lectins, it appears that they are made to act in the inside and in the outside of the
plants, as a tool or reaction mediators including agricultural (plant defense against the pathogens) (Peumans & Van
Damme, 1995), immunology (antimicrobial and immunomodulatory) ( Ryder et al., 1992; Wang et al., 1996;
Rubinstein et al., 2004; de Melo et al., 2011), serology (identification blood cell banks) (Boyd & Shapleigh, 1954;
Khan et al., 2007; Meite et al., 2008), cancer (histochemical markers such as cancer and toxicity of cancer cell lines)
(Guillot et al., 2004; Liu et al., 2010; Zwierzina et al., 2011), biochemistry (characterization, isolation and
purification) (Hirabayashi, 2004; Peumans & Van Damme, 1998), and other biological field (reserve role,
hormonal mimicry and enzymatique mimicry) (Meite et al., 2006).

The immunological activity of lectin plants has been evaluated in several assays, including phytohemagglutinin
from Phaseolus vulgaris L (PHA), which is known for its ability to stimulate lymphocytes (de Oliveira et al.,
2011). Other studies demonstrated the lectin from Viscum album L, which is isolated as immunomodulatory
activity of macrophage-mediated immune responses and enhanced aussi the term of various cytokines (IL-3, IL-23
and TNF-a) (Lee et al., 2007). Other lectin activates the monocytes and the macrophages (Melo et al., 2010) and
ROS production by spleen cells (Ringner et al., 1994), also, lectins have been exploited to characterize and
qualify serum glycoprotein’s in the control of rheumatoid arthritis and as an important immunosuppressive in
bone marrow transplantation (Kennedy et al., 1995).

Following of the importance immunomodulatory of lectins manifested by multiple ways, the search of other
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importance lectins is the object of this work. When we plan to investigate the relationship between the lectin
existence and the nature of immunomodulatory activity of a different protein extracted from a group of Moroccan
plants selected in the previous study (Daoudi et al., 2012).

The identification of lectin activity is evaluated by the erythro-agglutination method, the partial characterization of
the lectin is determined by the inhibition of the erythro-agglutination compared to the Concanavalin-A effects;
Concanavalin-A is lectin obtained from Canavalia enseiformis specific to a-D-mannosyl and a-D-glucosyl
terminal residues (Kennedy et al., 1995).

2. Materials and Methods
2.1 Chemicals

The chemicals and reagents were purchased from Sigma-Aldrich Co., St. Louis,MO, USA and were of analytical
grade. Phosphate buffered saline (PBS) was used at concentration of 15mM (pH 7.4). Concanavaline-A (Con-A,
1 mg/mL) was prepared in PBS and used at a final concentration of 7 pg/mL. The following sugars were used at
concentration of 0.2 M in PBS; and were purchased from Sigma-Aldrich Co., St. Louis,MO, USA: D-glucose
(D-glc), D-melezitose (D-mel), D-mannitol (D-mat), D-lactose (D-lac), D-sorbitol (D-sor), D-sucrose (D-suc),
D-galactose (D-gal), D-cellobiose (D-cel), D-arabinose (D-ara), N-acétyl-glucosamine (D-N-acglc), D-maltose
(D-mal), D-mannose (D-man).

2.2 Plant Materials
2.2.1 Choice of Plant

The plants tested were chosen based on our previous publications on assessments of a group of plants used in
Moroccan traditional medicine for their immunomodulatory effects (Daoudi et al., 2012). The tested plants were
classified into three groups; the first group includes Lepidium sativum L, Datura stramonium L and Delphinium
staphysagria L. with an immuunostimulating effects. The second group showed an immunosuppressive effects
and includes Citrullus colocynthis L and Piper cubeba L. and the third group which has no immunomodulating
effects on the proliferation of splenocytes induced by mitogenic factor Concanavalin-A, this group includes
Elettaria cardamomum L , Marrubium vulgare L, Ammi visnaga L, Aristolochia longa L.

2.2.2 Preparation of Plant Protein Extract

The protein extract (PE) of each plant was prepared according to the previous procedures published by Daoudi et
al. (2012). Briefly, the PE is prepared from the total extract after precipitation by the addition of cold ammonium
sulfate (44%) at 4 °C (England & Seifter, 1990). In this study, we have used the PE at the 100pg/mL of PBS as
final concentration for all plants tested. This concentration was determined using method reported by Lowry’s et
al. (1951), using bovine serum albumin (BSA) as a standard.

2.3 Cell Materials
2.3.1 Preparation of Erythrocyte Suspension

The erythrocytes materials were isolated from the rabbit animals (Papillon species unvaccinated of 2-2.5 Kg).
The animals were housed and maintained with a standard diet in an air conditioned and clean room. The blood
was collected from the neck of the animals after scarification into heparinized hemolytic tubes. The erythrocytes
cells are obtained from three successive washes of the blood with the physiological saline (0.9% NaCl) by
successive centrifugation (3 min at 2000 rpm). The erythrocyte suspension is adjusted to 2% (v/v) in 0.9% NaCl
and stored at 4 °C, until further uses.

2.3.2 Erythro-Agglutination Assay

Erythro-agglutination assay was performed using modified method of Kabat and Mayer (1961) and Fik et al.
(2000). Assays were performed in 96 wells plate. Erythroagglutination was monitored macroscopically and
confirmed microscopically.

Three groups of experiments were performed, in the first group (PE group), 25 pL of the erythrocyte suspension
was incubated with 25 pL of PE at (100 pg/mL PBS) and 50uL of PBS (total volume 100 pL). In the second
group (negative control group), 25 pL of the erythrocyte suspension was incubated with 75 pL of PBS and in the
third group (positive control group), 25 pL of the erythrocyte suspension was incubated with 50 pL of PBS and
25 pL of Con-A at concentration 7 pg/mL. In all groups, the wells were carried out in triplicate and incubated for
a period of 30 min at 37 °C.

2.3.3 Erythro-Agglutination-Inhibition Assay

The assay was performed according to the protocol of Oda and Minami (1986) by introducing into each well a
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25 pL of PE of each plant, 50 pL of the sugar suspension at 0.2 M in PBS. The sugars tested as inhibitors are:
D-glucose, D-melezitose, D-mannitol, D-lactose, D-sorbitol, D-sucrose, D-galactose, D-cellobiose, D-arabinose,
N-acetylglucosamine, D-maltose, and D-mannose. After 30 min at room temperature, 25 pL of the 2%
erythrocyte suspension were added to each well and the plates were then incubated for 30 min at room
temperature.

The control experiments for inhibition of the erythro-agglutination were carried as follows: positive control with
Con-A and its sugars inhibition (D-mannose and D-glucose) (Goldstein & Poretz, 1986); negative control with
cells alone, without sugars and without PE.

3. Results
3.1 Identification of the Lectin Activity of the Immunomodulating Protein Plant Extracts

In the present study, nine immunomodulatory protein plants extracts were tested, to assess the property of its
content lectin, using the erythroagglutinating activity of the rabbit erythrocytes. The erythroagglutinating activity
was evaluated macroscopically by a cell ring formed at the bottom of the wells comparing with the
erythro-agglutining activity of Con-A as positive control.

The microscopic observation was used for further confirmation. The result obtained is summarized in Table 1,
from which three groups of plant activities could recognize:

Group 1: This group showed erythroagglutinating activity and includes PE of L. sativum L, D. stramonium L, D.
staphysagria L and P. cubeba L.

Group 2: All the plant extracts of this group showed no erythroagglutinating effects on erythrocytes, this group
includes E. cardamomum L, A. visnaga L, A. longa L and C. colocynthis L.

Group 3: This group includes only M. vulgare L, and showed hemolytic effect rather than erythroagglutination.
3.2 Relationship Between Immunomodulatory Activity and Lectin Properties

The result obtained is summarized in Table 1, from which three groups of plant activities could recognized and
also the relation between the immunomodulatory activity of the PE and lectin content. The degree of
erythro-agglutination is determined by the minimum concentration of lectin inducing erythro-agglutination.

Group 1: This group showed erythroagglutinating activity and includes PE of L. sativum L, D. stramonium L,
and D. staphysagria L.

Group 2: All the plants of this group showed neither immune nor erythro-agglutinating effects on the
erythrocytes, this group includes E. cardamomum L, M. vulgare L, A. visnaga L, A. longa L.

Group 3: Plants of this group are immunosuppressive with or without erythroagglutinating, and this P. cubeba L
and C. colocynthis L.

This result showed no relationship between the immunomodulating effects of the protein extract and its content
of lectin, which explained that lectins do not always have immunostimmulants effects, as they may be immune
compromising lectins. On the other hand non-lectin protein substances may act through their immunomodulating
effects. The result showed also that the degree of erythro-agglutinating activity varied among the concentration
of the lectin in the protein extracts.

3.3 Erythro-Agglutination Inhibition Assay

The determination of the partial nature of lectins is based on the inhibition of erythro-sugar agglutination test
(Lima et al., 2005; Eghianruwa et al., 2011). Sugars that inhibited erythro-lectin erythro-agglutination constitute
the carbohydrate portion of the lectin. This inhibitory effect of the sugar can be attributed to their ability to
compete for binding sites on the lectin molecule, which can interfere with the attachment of the lectin to sugar
units on the surface of the erythrocytes.

The positive and negative controls should be prompted systematically performed. The results presented in Table
2, shows a comparison of sugar inhibitions of erythro-agglutiation of different lectins previously identified in
Figure 1. With the sugars tested at concentration of 0.2M, we found that erythro-agglutination of L. sativum is
not inhibited by the tested sugars (D-glc; D-mel; D-mat; D-lac; D-sor; D-suc; D-gal; D-cel; D-ara; D-N-acglc;
D-mal; D-man). On other hand, D. stramonium is only inhibited by D-N-acglc, while the eryhtro-agglutination
caused by P. cubeba is inhibited by sugars such as: D-mel; D-mat; D-lac; D-suc; D-gal; D-cel; D-mal; D-man.
The lectin Con-A tested as control is rather inhibited by their references by which sugars are (D-glc and D-man).
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Table 1. Evaluation of the relationship between the lectins activity and the immunomodulating protein extracted

Degree of agglutination [PE]

Negative control Cells alone -
) ) Cells + Lepidium sativum L, +++ 25ug/mL
immunostimulator
o Cells + Datura stramonium L, +++ 25pg/mL
ativity
Cells + Delphinium staphysagria L, + 100pg/mL

] Cells + Elettaria cardamomum L, -
Protein extract

] o Cells + Marrubium vulgare L, H
tested no immuno activity
Cells + Ammi visnaga L, -
Cells + Aristolochia longa L, -
immunosuppressive Cells + Piper cubeba, ++ 50pg/mL
activity Cells + Citrullus colocynthis L, -
Positive control Cells + Con-A, + 100pg/mL

(+): Agglutination activity.
(-): No agglutination activity.
(H): Hemolysis.

[PE]: Minimum concentration of erythro-agglutination observed.

Table 2. Evaluation of the sugar inhibition from the lectins activity

D-glc D-mel D-mat D-lac D-sor D-suc D-gal D-cel D-ara D-N-acgle D-man D-mal

Negative
control
Cells+ Lesa
Cells + pi cu
Cells + De st
Cells + Da st

Cells +
Con-A
(Positive
control)

+ + o+ o+
+ + o+ o+
+
+
+
+ o+ o+ o+
+
+
+

With Sugars

Sugars tested as inhibitors of erythro-aglutination are: D-glucose (D-glc), D-melezitose (D-mel), D-mannitol
(D-mat), D-lactose (D-lac), D-sorbitol (D-sor), D-sucrose (D-suc), D-galactose (D-gal), D-cellobiose (D-cel),
D-arabinose (D-ara), N-acétyl-glucosamine (D-N-acglc), D-maltose (D-mal), D-mannose (D-man).

Erythroa-gglutinating plants tested were: Lepidium sativum (Le sa), Piper cubeba (Pi cu), Delphinium
staphysagria (De st), Datura stramonium (Da st).

Negative control: (Cells alone), Positive control: (Cells + Con-A).

(+): Degree of agglutination activity; (-): Degree of inhibition agglutination activity.
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Figure 1. Example of macroscopic observation of erythro-agglutination induced by protein extracted of plants

The results are revealed by the presence or absence of a ring in the wells of the plate. (Wells: 1—5): Direction of
decreasing concentration of the protein extract tested.

A (1-5) Cells alone (-); inhibition of erythro-agglutination;
H (1-5) Cells with Con-A (++); Presence of erythro-agglutination.
F (1-5) Cells with Datura stramonium (+++); Presence of high erythro-agglutination.

Figure 2. Example of microscopic confirmation of erythro-agglutination induced by protein extracted of plants
(X 100)

a. Cell only (negative control); the cell are dispersed.
b. Cell with Datura stramonium extracts; the cell are grouped.

c. Cell with Con-A (positive control); the cell are more grouped.

4. Discussion
According to the results of this study, the protein plant extracts tested were classified into three groups by
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interested relationship between immunomodulating and the presence of lectin in the protein extract. The
erythro-agglutination test is a simple and a practical method for the detection of the lectins activity compared to
the Conc-A; e.g. lectin from Canavalia ensiformis (Einhoff & Riidiger, 1986).

The results show that some lectins may be acting on the immunostimulating of immune responses and this is
clear for D. stramonium, L. sativum and D. staphysagria with a very high degree of erythro-agglutination for D.
stramonium L. This is explained by the biological activity of lectins in particular, through physicochemical
characteristics of lectins (molecular weight, pH, presence of divalent cations activations (Edelman et al., 1972;
Van damme et al., 1987), through type of lectin in particular, the biochemical structure of lectin (rearrangement
amino acids constituting or the conformation structural of lectin) (Strosberg et al., 1986; Chrispeels & Raikhel,
1991), or even the saccharide specificity lectins, which is defined in terms to minimum concentration of
monosaccharides needed to inhibit the agglutination cells (Goldstein & Hayes, 1978).

In the previous study, we have showed that the seeds of D. stramonium contain a lectin (DSA), responsible for
the proliferation of human lymphocytes (McCurrach & Kilpatrick, 1988) and inhibited just by the N-
Acetyl-D-glucosamine (Desai et al., 1981; Crowley et al., 1984; Kennedy et al., 1995). The seeds of L. sativum
contain a glycoprotein type lectin not inhibited by the monosaccharides (Ziska et al., 1982).

The inhibition of erythro-agglutination could mean that the determinants of sugar membranes of the erythrocytes
are the binding sites for the tested sugars occupying the sites of carbohydrate components of the lectin. The
presence of multiple of erythro-agglutination inhibition for P. cubeba L, could be explained by multiple of
varieties such as carbohydrate fraction of lectin which can interact with the various sugars tested, or it is possible
that the binding sites are flexible on the size and shape of the remaining sugars (Elmer-Rico et al., 2005). Lectin
from P. cubeba L, evokes us to consider what could be used in the phytotherapy in camparison with the lectins
from bacteria and fungus that cause immunosuppression for its opportunistic infection and immunopathological
complications during its immunosuppressive effects (Beuth et al., 1987; van de Veerdonk et al., 2008; Fontaine
et al., 2011).

In addition, the absence of erythro-agglutination results could be explained by the absence of structural features
necessary for inhibition of sugar. Osawa (1966) described the structural characteristics which should be present
in lectins with sugar inhibiting activity (Elmer-Rico et al., 2005).

The other protein extract devoid from lectin could be immunomodulating, this may be through non lectin
pathway or through the lectin content that can act on other cells and does not agglutinate erythrocytes, and/or
according to the concentration of lectin content. The negative result, cannot confirm the absence of lectins, since
the activity can exist when lectins are measured in different conditions, or when the extracted were incubated
with other cell types such as lymphocytes or sperms, since three iso-agglutinins extracted from tubers of
Colocasia esulenta agglutinate human sperm with erythro-agglutination activity (Promplook & Chulavatnatol,
1986).

5. Conclusion

The use of bio-active compounds for modulation of immune system must be vigilant following the sensitivity of
this system and the mode of action of these substances. The plant protein extract can be immune in nature and
lectin induce allergic hypersensitivity or opportunistic of infections and in cancer.

This study is a platform to place a link between the immunomodulatory effect and lectin activity. Several lectins
exert the immunomodulatory activities that are initiated by their interaction with the glycan fragments on the
surface of immune cells, and induce a potent immune responses as immunostimulatory, immune depression
(opportunistic infections), or an immuno compromising as an excessiveness of the immune reaction (allergy),
but they can also be harmful by disrupting the biological or structural functioning of other cells such as sperm or
erythrocytes.
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