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Galactomannans are versatile macromolecules with broad industrial potential. The influence of changes in the chemical
structures and respective bioactivities of these polysaccharides have been extensively studied. The derivatives obtained
by sulfation, complexation, and phosphorylation are the most studied biological properties in galactomannans. The
derivatives obtained have shown several pharmacological activities such as antiviral, antimicrobial, anticoagulant,
fibrinolytic, chemopreventive, anticancer, antioxidant, chondroprotective, analgesic, immunomodulatory, and
antileishmanial.
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| 1. Introduction

The development of new biomaterials and “functionalized polymers,” especially from renewable sources, has practical
potential for applications in biomedicine and industry . In this direction, the growing interest in the chemical modification
or derivatization of natural polysaccharides to create derivatives with properties adapted to the desired applications is
remarkable @3, Molecular modification and improvement of the biologically active properties of polysaccharides have
sparked interest about the development of biomedical materials. Therefore, it is important to find the correlation between
the chemical structure and the functional activity of the polysaccharides HI=IE],

Galactomannans are polysaccharides which can be obtained from microorganisms, including fungi and yeasts, but the
vast majority originate from plants . Among the plant-derived polysaccharides, galactomannans have received much
attention, since these biopolymers can be obtained in their pure form, with a high yield, by aqueous extraction from the
endosperm of the seeds of leguminous plants B8], Furthermore, since galactomannans are an abundant plant resource,
their production on an industrial scale has been widely targeted B&, especially in the food, pharmaceutical, and cosmetic
industries 19,

Galactomannans have a heterogeneous polymeric structure, consisting of a main chain of mannose units linked by B-1,4-
glycosidic bonds and galactose side units linked to mannose by a-1,6-glycosidic bonds (Eigure 1) A4 Galactomannans
from different sources differ from each other in the ratio of mannose/galactose units, molecular weight, and the distribution
of individual galactose branches in the main chain, which significantly influences their biochemical properties L2131,
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Figure 1. lllustration of the chemical changes of galactomannans and their biological activities evaluated.

In addition, the structural peculiarities of galactomannans make them soluble in water at different temperatures, versatile
in their applications, and chemically and biochemically reactive . These factors, combined with the absence of ionic
charge in the structure of these polysaccharides, make galactomannans more susceptible to molecular changes than
many polysaccharides found in nature. Alterations can be made in order to inherit the characteristics of the native
polymer, such as biocompatibility, to expand its technological functionality, improve its intrinsic biological properties, and/or
create new functional properties, opening a range of application possibilities in the biomedical areas [12[241115],

The galactomannans are suitable for used in chemical modification methods, as they have a simple structure. Their
derivatives can be easily characterized chemically. Sulfation is an effective, versatile, and simple modification method
applied to galactomannans to improve their biological activity. However, other methods can also be used to change the
structure of galactomannans 28718 Thys, Figure 1 provides a schematic representation of the main chemical changes
in galactomannans and the various biological activities evaluated.

| 2. Strategies for Obtaining Galactomannan Derivatives

Biological activities of polysaccharides are affected by several factors, among them, monosaccharide composition,
molecular weight, molecular structure, functional groups, degree and pattern of substitution, flexibility, and chain
configuration @929 |n addition to the evident biological activity of natural polysaccharides, derivatives obtained by
hydrolysis, complexation, or chemical modifications, such as sulfation, phosphorylation, oxidation, and
carboxymethylation, were also considered in many studies as successful bioactive derivatives [2I22122][23]

Among these polysaccharides, galactomannans have been extensively studied for molecular modifications.
Galactomannans can be modified mainly by chemical or enzymatic methods. A large number of hydroxyl groups of
galactomannans can be altered by etherification, esterification, or oxidation. The changes that add hydrophilic groups to
molecules of galactomannans can reduce hydrogen bonds between the molecules and improve solubility and swelling
characteristics. Other characteristics that are also improved by the increase in hydrophilicity are the clarity of the gum and
the compatibility with electrolytes 241,

The changes in chemical structure and biological activities of galactomannans have been extensively studied. The most
studied biological properties in galactomannans are derivatives obtained by complexation or chemical modifications, such
as sulfation, oxidation, and phosphorylation. Figure 2 represents the main strategies for obtaining galactomannan
derivatives.
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Figure 2. Representation of the general chemical structure of galactomannans (A) and the structure of the derivatives
achieved by (B) Sulfation (Adapted from Muschin et al. Bl); (C) Phosphorylation (Adapted from Wang et al. 29): (D)
Oxidation (Adapted from Castro et al. [23]); (E) Complexation with vanadium (Adapted from Adriazola et al. [22]),



Sulfation is the most studied chemical modification in galactomannans. Most studies about sulfation of galactomannans
used dimethylformamide as the solvent and SO3~ pyridine complex as a sulfating reagent [ElBIR231[261[27][28][29]  Several
studies report preferred sulfation for the 6-CH, groups due to their higher reactivity with esterifying agents and a degree of
sulfating (DS) ranging from 0.4 to 1.85. These sulfated galactomannans are composed of negatively charged sulfate

groups that are related to their biological activities IRIEIEIS23I26127128]129] The addition of sulfate groups in the
polysaccharide structure improves solubility and enhances the biological properties compared to the non-sulfated

polysaccharides. Anticoagulant, antiviral, antioxidant, and antitumor activities are successful examples of sulfated
polysaccharides [41231(281[29]

Polysaccharides can also undergo oxidation in several ways to generate distinct structures. For example, primary alcohol
may be oxidized to form the aldehyde or later a carboxylic acid 9. Protein-free guar gum was oxidized by the method of
the TEMPO (2,2,6,6-tetramethylpiperidine-1-oxide radical)/NaBr/NaCIO system [23. This oxidized derivative presents a
degree of substitution of 0.36, and the oxidation happened preferentially in the carbon 6 of the mannose residue. FT-IR
and 13C NMR spectrum showed the presence of the COOH group in the oxidized molecule.

Phosphorylated polysaccharides exhibit several biological activities, including antioxidant, antitumor, and
immunomodulatory properties. Wang et al. 29 phosphorylated the galactomannan chains of Cyamopsis tetragonolobo
(guar gum) using POClIs/pyridine and obtained phosphorylated derivatives with the degree of substitution (DS) of 0.35—
0.52. They observed an expanded conformation of phosphorylated derivatives with intramolecular hydrogen bonds due to
the electrostatic potential of SO3H groups. Experiments with the phosphorylated derivatives with different DS were
conducted to evaluate the influence of this parameter on the antioxidant activity.

Hydrolysis is an important strategy for polysaccharide modification. In the enzymatic method, the galactose side chains, or
the main mannose chain can be cleaved, and the a-galactosidase and B-mannanase can be used. Compared with the
chemical modification method, the enzymatic method is simple to control, and the reaction conditions are milder 24 The
biological activity of the locust bean gum galactomannan hydrolyzed by thermostable 3-D-mannanase was evaluated by
Chen et al. BY, In this study, after 24 h of the enzymatic reaction, the weight average molecular weight of galactomannan
derivative reduced from 5,580,010 to 3188, and the hydrolysate containing the following manno-oligosaccharides:
mannobiose, mannotriose, and mannotetrose.

According to Adriazola et al. [22, complexation with metal ions can make complexes more biocompatible and soluble, less
toxic, and endow them with some pharmacological activities, such as antimicrobial and antitumor. Galactomannans can
be modified by introducing complexing metals. Vanadium is the metal generally used to complex with galactomannans in
order to originate biologically active complexes. Polysaccharides are suitable binders for complexation reactions with the
cationic form of vanadium due to the affinity of this metal for hydroxyl groups free of these polyhydroxyl compounds.
Complexation of vanadium (IV, V) with monosaccharides is facilitated by the presence of ligands containing vicinal cis-OH
groups 19321 Anticancer and antileishmanial activities are recognized as examples of the success of galactomannans
complexed with vanadium L9331,

The pharmacological activities of galactomannan derivatives are detailed below.

| 3. Pharmacological Activities of Galactomannan Derivatives

The intrinsic characteristics of polysaccharides can be changed, for example, by partial hydrolysis and by the removal or
introduction of specific chemical groups B4. When a galactomannan is modified, a biologically inert polymer can be
transformed into a biologically active one 33,

Pharmacological activities can be related to changes in the chemical structure of the molecules caused by the type and
number of functional groups. Several functional groups, such as -CN, -NO», -NH,, -OH, -SH, -CHO, -COOH, -COOR, -
CONH,, -SO3H, and -POsH, contribute to drug-receptor interaction. The interaction of a compound with a specific receptor
is directly related to a pharmacological effect. Changes in the conformation and flexibility of the molecules can also affect
the interaction of molecules with receptors. In addition, several physicochemical properties of a molecule, such as
molecular weight, lipophilicity, solubility, permeability, and acid-base ionization, can alter its activity B8IE7],

In general, the chemical structure of a molecule determines its physicochemical characteristics and, consequently,
determines its absorption, distribution, metabolism, excretion, and toxicity (ADME/Tox) properties and influences the
pharmacological effect of the molecule B2,

Table 1 presents the main pharmacological activities of galactomannan derivatives, their source of origin, and the
processes for obtaining derivatives.



Table 1. Galactomannan derivatives and assessment of pharmacological activities.

Galactomannan Sources Processes for Obtaining Biological

andl/or Polysaccharides Derivatives Chemical Analysis Activity/Properties References
Mimosa scabrella seeds Sulfation SEC-MALS Antiviral (26]
Leucaena leucocephala
P Sulfation SEC-MALS Antiviral (26]
seeds
Mimosa scabrella seeds Sulfation FTIR, 13C NMR Antiviral Ll
Leucaena leucocephala
P Sulfation FTIR, GLC Antiviral 27]
seeds
. _ FTIR, 1H, 13C . -
Caesalpinia ferrea seeds Sulfation Antiviral (28]
NMR
Adenanthera pavonina
P Sulfation FTIR, GLC, IV Antiviral 23)38]
seeds
Adenanthera pavonina L.
P Sulfation FTIR, UV-VIS Antiviral [29)
seeds
Caesalpinia ferrea Mart.
P Sulfation FTIR, UV-VIS Antiviral 29]
seeds
Dimorphandra gardneriana
P g Sulfation FTIR, UV-VIS Antiviral 23]
seeds
Trigonella foenum- FTIR, H, 13C
graecum seeds, Sulfation NMR, OR, GPC, Antiviral Hl
Fenugreek gum SPR
, FTIR, *H, 3C
Cyamopsis tetragonolobus i » (5]
Sulfation NMR, OR, GPC, Antiviral
seeds, Guar gum
SPR
L FTIR, 1H, 18C
Caesalpinia spinosa, Tara ) . 5
Sulfation NMR, OR, GPC, Antiviral ]
gum
SPR
o FTIR, 1H, 13C
Ceratonia siliqua L. seeds, ) o (5]
Sulfation NMR, OR, GPC, Antiviral
Locust bean gum
SPR
Cyamopsis tetragonolobus UV-VIS, SDS
yamop g Maillard conjugation Antimicrobial (291401
seeds, Guar gum PAGE
c < et ob FTIR, 13C NMR,
amopsis tetragonolobus
4 p g Benzoylation XRD, TGA, C, H, N Antimicrobial (41]

seeds, Guar gum .
analysis.



Galactomannan Sources

Processes for Obtaining

Biological

and/or Polysaccharides Derivatives Chemical Analysis Activity/Properties References
) Anticoagulant and [10]
Leucaena sp. seeds Sulfation PC, UV-VIS o .
fibrinolytic
Anticoagulant and
Medicago sativa seeds Sulfation PC, UV-VIS ] .g . (201
fibrinolytic
) ) Anticoagulant and [10]
Glycine max seed hulls Sulfation PC, UV-VIS o .
fibrinolytic
. ) . Anticoagulant and [10]
Phoenix dactylifera seeds Sulfation PC, UV-VIS o .
fibrinolytic
_ FTIR, 13C NMR, _ 42]
Senna macranthera seeds Sulfation Anticoagulant
UV-VIS, GPC
Cyamopsis tetragonoloba
yamop 9 Sulfation GPC, IV, UV-VIS Anticoagulant el
seeds, Guar gum
Trigonella foenum-
g _ FTIR, *H, 3C _ 5]
graecum seeds, Sulfation Anticoagulant
NMR, SPR
Fenugreek gum
, FTIR, *H, 3C
Cyamopsis tetragonolobus i . 5
Sulfation NMR, OR, GPC, Anticoagulant (]
seeds, Guar gum
SPR
L FTIR, H, BC
Caesalpinia spinosa, Tara . . (5]
Sulfation NMR, OR, GPC, Anticoagulant
um
g SPR
o FTIR, 1H, 13C
Ceratonia siliqua L. seeds, ) . (5]
Sulfation NMR, OR, GPC, Anticoagulant
Locust bean gum
SPR
Cyamopsis tetragonolobus C-glycosylation and
4 p g glycosy . UV-VIS, PC Chemopreventive 25
seeds, Guar gum sulfation
Cyamopsis tetragonoloba FTIR, 13C NMR,
yamop 9 Sulfation Antioxidant (4]
seeds, Guar gum SEC-MALS
Adenanthera pavonina L. ) o 29]
Sulfation FTIR, UV-VIS Antioxidant
seeds
Caesalpinia ferrea Mart. ) o -
Sulfation FTIR, UV-VIS Antioxidant (29
seeds
Dimorphandra gardneriana
P g Sulfation FTIR, UV-VIS Antioxidant [29)

seeds



Galactomannan Sources

Processes for Obtaining

Biological

and/or Polysaccharides Derivatives Chemical Analysis Activity/Properties References
Cyamopsis tetragonoloba FTIR, °C NMR,
4 P J Phosphorylation XPS, GC-MS, Antioxidant 29
seeds, Guar gum
SEC-MALS
. . , FTIR, HPSEC, 3C
Schizolobium amazonicum i . n
Sulfation NMR, GLC, UV- Anticancer (61
seeds
VIS
Cyamopsis tetragonolobus C-glycosylation and
yamop J gycosyla UV-VIS, PC Anticancer (8]
seeds, Guar gum sulfation
Cyamopsis tetragonolobus
yamop g C-glycosylation UV-VIS, PC Anticancer 25
seeds, Guar gum
) . . FTIR, HPSEC,
Schizolobium amazonicum . . 3 ) 34]
Partial hydrolysis GLC, 13C NMR, Anticancer
seeds 51
V NMR, PT
) . ) Partial hydrolysis and FTIR, HPSEC,
Schizolobium amazonicum i ) 1 . "
complexation with GLC, 13C NMR, Anticancer 24]
seeds ) 51
oxovanadium V NMR, PT
. Complexation with FTIR, HPSEC, ) [19]
Mimosa scabrella seeds ] Anticancer
oxovanadium GLC, °IV NMR, PT
Cyamopsis tetragonoloba
yamop i g , FTIR, 1H, 13C Analgesia and -
seeds, Protein-free guar Sulfation . 25]
NMR, IV, PT, GPC chondroprotection
gum
Cyamopsis tetragonoloba
yamop . g . FTIR, H, 3C Analgesia and [25]
seeds, Protein-free guar Oxidation .
NMR, IV, PT, GPC chondroprotection
gum
Ceratonia siliqua L. seeds, ) (38]
Hydrolysis HPSEC, HPLC Immunomodulatory
Locust bean gum
) Complexation with FTIR, PT, 51V 221
Mimosa scabrella seeds ) Immunomodulatory
oxovanadium NMR, GC-MS
) Complexation with FTIR, PT, 5lv o _ -
Mimosa scabrella seeds ) Antileishmanial 22
oxovanadium NMR, GC-MS
) . Complexation with 39]
Ramalina celastri ) FTIR, PT Immunomodulatory
vanadium
Complexation with
Ramalina celastri P FTIR, PT Antileishmanial (391

vanadium



Galactomannan Sources Processes for Obtaining Biological

and/or Polysaccharides Derivatives Chemical Analysis Activity/Properties References
. . Complexation with 51 (33]
Ramalina celastri ) PT, °>*V NMR Immunomodulatory
oxovanadium
) . Complexation with . .
Ramalina celastti P PT, 1V NMR Antileishmanial (23]

oxovanadium

13C NMR: Carbon-13 (C13) nuclear magnetic resonance; FTIR: Fourier Infrared spectroscopy; GC-MS: Gas

C
P

hromatography Mass Spectrometry; GLC: Gas-liquid chromatography; GPC: Gel permeation chromatography; H:
roton nuclear magnetic resonance; HPSEC: high-performance size exclusion chromatography; IV: intrinsic viscosity; OR:

Optical rotation; PC: Paper chromatography; PT:. potentiometric titration; SEC: Size-exclusion chromatography; SDS
PAGE: SDS Slab polyacrylamide gel electrophoresis; SEC-MALS: Size Exclusion Chromatography with Multiangle light

scattering; SPR: plasmon resonance; TGA: Thermo gravimetric analysis; UV-VIS: ultraviolet-visible spectrophotometry;

51y NMR: Vanadium-51 nuclear magnetic resonance; XPS: X-ray photoelectron spectroscopy; XRD: X-ray diffraction.
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