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ISOLATION OF POLYSACCHARIDES FROM CURCUMA LONGA AND ITS INTERACTION WITH   BOVINE SERUM ALBUMIN

Abstract

In traditional medicine most of the diseases have been treated by administration of plant or plant product. Curcuma longa L. (Zingiberaceae), is a useful traditional medicinal plant in India. There are several data in the literature indicating a great variety of pharmacological activities of  C.longa  which exhibit anti-inflammatory, anti-human immunodeficiency virus, anti-bacteria, antioxidant effects and nematocidal activities.
It is now considered as a valuable source of unique natural products for development of medicines against various diseases and also for the development of industrial products.Our aim is to develop new potent drug candidate. For this we studied the interaction of the polysaccharide with BSA(bovine serum albumin). To study the interaction with polysaccharides and BSA present, I have isolated polysaccharides from depigmented plant materials of  C. longa  by extraction with cold water. The cold water extracted materials, which were isolated in 3.9 % yield, have been designated as WE. Ultraviolet spectrometric analyses showed that the studied water extracted carbohydrate polymer (WE) interact with BSA.
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1. Introduction 
Curcuma longa (CL, common name Turmeric), a plant species from the Curcuma genus (family Zingiberaceae), is common ingredient in many health supplements in Asia.Turmeric (Curcuma longa) has been used for centuries in Ayurvedic medicine, which amalgamate the medicinal goods of herbs with food. This astonishing herb has established its way into the attention in the west because of its wide range of medicinal benefits [1]. In ayurveda, rhizome of turmeric is used as medicines against skin, gastrointestinal, respiratory, hepatic, and biliary disorders [2]. The active constituents of C. longa are the flavonoid curcumin (diferuloylmethane) and various volatile oils, including tumerone, atlantone, and zingiberene. Other constituents include sugars, proteins, and resins. The best researched active constituent is curcumin,which comprises 0.3–5.4 percent of raw turmeric [1]. Components of turmeric especially curcumin has been shown to have anti-inflammatory, antiviral, and anticancer properties [3–5]. Among the phytoconstituents of  C. longa, curcuminoids are considered as an important active molecule and also exhibited wide range of pharmacological activities. The literature review confirmed plethora of information available on safety aspects of curcumin and essential oil fractions of  C.longa [3, 6–8].While curcuminoids based extract were well studied for their pharmacological and safety aspects, polysaccharide extract of  C. longa is gaining importance since it showed to have various pharmacological activities, which include antidiabetic, antitumour, antidepressant, antioxidant, antimicrobial, antifertility, hepatoprotective, and immunomodulatory properties [9–16]. NR-INF-02, a polysaccharide extract prepared from rhizome of C. longa had shown clinical efficiency in a randomized placebo controlled study on 120 human patients (37 males and 83 females) affected with primary osteoarthritis [17].NR-INF-02 deserved as an effective option for the treatment of patients with primary painful knee and joint pains and also reduced the need of analgesics as a rescue medication [17]. Also, NR-INF-02 showed immunestimulatory and anti-inflammatory effects in in vitro models by influencing various cytokines involved in immune regulation [18]. Similarly, the immunostimulatory effects of  C.longa polysaccharides on peripheral blood mononuclear cells was investigated and the findings revealed the potential use of C.longa polysaccharide extract as an adjuvant supplement for cancer patients, whose immune activities were suppressed during chemotherapies [16].Polysaccharide extract of  C.longa needs evaluation for their safety due to its growing demand on reported preclinical therapeutic indications. Also, before setting of a clinical trial of an herbal product, its safety must be evaluated by toxicity test procedures. Also, this toxicity evaluation is helpful for the estimation of an initial safe starting dose and dose range for the human trials and the identification of parameters for clinical monitoring for potential adverse effects. Hence, the goal of the present investigation is to characterize the toxicological profile of polysaccharide extract from C.longa rhizome (NR-INF-02).
In order to evaluate toxicological profile, the ability of NR-INF-02 to induce mutations was assessed in indicator microorganisms using bacterial reverse mutation test. The effect of NR-INF-02 on the genetic system was weighed up by analyzing induced chromosomal aberrations and micronucleus in mammalian cells. An acute oral toxicity study was performed after single oral dose of NR-INF-02 to determine immediate toxic effect. All these tests were conducted based on recommendation of the OECD guidelines [19–22].
2. Experimental Section

Plant material.   
Powdered root of  curcuma longa  were collected from the ayurvedic  medical store of Birbhum, West Bengal, India. 
General procedures. 
The chemicals used were of an analytical grade or the best available. All experiments were conducted at least in duplicate. Evaporations were carried out under reduced pressure at around 50°C (SB 1100 Rotary Evaporator; Eyela, Tokyo, Japan). Toluene was used to inhibit microbial growth. Small volumes of samples are freeze-dried (Cool Safe 55-F freeze drier;Scanvac, Lynge, Denmark). Total carbohydrate content were determined by the phenol–sulfuric acid  using galactose as standard. UV(VIS spectra were recorded on a UV-2450 spectrophotometer (Shimadzu, Japan).  GC performed with a Shimadzu GC-17A chromatograph (Shimadzu, Kyoto, Japan), fitted with a flame ionization detector, and a DB-225 column (30 m x 0.53 mm i.d.),  using a program that maintained an isocratic temperature of 210 °C for 18 min and helium as gas vector. GC-MS was performed with a Shimadzu QP 5050A GC-MS instrument (Shimadzu) at 70 eV. Conditions for GC-MS were as described previously. 

Isolation of carbohydrate polymer. 
The powder  material of  curcuma longa root (plant material 10gm) was extracted with distilled water (3 × 100 mL, pH 5) at 4-8 °C for 6 h. The insoluble residue was removed by centrifugation (10,000 g, 15 min) and filtration of the supernatant through a glass filter (G 2). The extract was then diluted with 4 volume cold acetone (× 3), evaporated to a small volume, and EtOH was added (x 3 volumes). The resulting precipitates were dissolved in H2O and lyophilized to yield the water extracted carbohydrate polymer (WE, ~0.55  mg).
Chart 1:  Isolation of polysaccharide from dried turmeric powder

                                                                                Stirred in a magnetic stirrer with water



                                                                                                   centrifused

     




Monosaccharide Analysis                                        
Polysaccharide fraction were hydrolyzed either with 2M trifluoro acetic acid for 3 hr at 100oC, centrifuged. Then TFA was removed on rotary evaporator. The presence of monosaccharide in hydrolysate in WE was also indicated by presence spots on TLC. Monosaccharides in the acid hydrolysate were also analyzed by thin

layer chromatography on kieselgel 60F plate (Merck) using EtOH/ PhOH/pyridine/0.1 M H3PO4 (5/1/1/2 v/v) as eluent. Carbohydrates were then detected by heating at 100°C after treatment with a saturated solution of aniline phthalate.
FT-IR Analysis

IR spectra were obtained on a FT-IR spectrophotometer (JASCO FT-IR-420) using KBr disks containing finely ground samples. The analyses were conducted five times.   

Bovine serum albumin (BSA)-Carbohydrate Polymer interaction. 
UV(VIS Spectra. UV-VIS absorption spectra of 1mg/mL BSA alone and in presence of 0.2-2 mg/mL WE in a 10 mM phosphate buffer of pH 7.4 were recorded on a UV-VIS spectrophotometer at room temperature (298 K). The spectra of 0.2-2 mg/mL WE were also recorded under similar condition as blank in order to eliminate the spectral inferences on the BSA-WE system from WE.

4. Results and discussion

Chemical Characterization.

The rhizomes of Curcuma longa were first subjected to an aqueous extraction process to isolate water-soluble constituents. The extraction was carried out using distilled water under controlled heating conditions to facilitate the release of polysaccharides into the solution. The resulting extract was then filtered to remove insoluble residues and subsequently subjected to fractional precipitation using graded concentrations of ethanol. This step effectively precipitated the high-molecular-weight carbohydrate fractions, thereby enriching the extract in polysaccharides.

The ethanol-precipitated material was carefully collected and lyophilized to obtain a dry, stable product referred to as the water-extracted carbohydrate polymer (WE). This lyophilized fraction was then characterized to determine its structural composition.

Preliminary chromatographic analyses, including high-performance liquid chromatography (HPLC) and gas chromatography (GC) following acid hydrolysis, revealed that the WE primarily consists of a heteropolysaccharide. Monosaccharide profiling identified arabinose and galactose as the dominant sugar residues, indicating that the polymer likely belongs to the class of arabinogalactans. These types of polysaccharides are commonly associated with immunomodulatory and antioxidant properties, and their presence in C. longa further supports the therapeutic potential of the plant’s polysaccharide content.

FT-IR Analysis
Fourier-transform infrared (FT-IR) spectroscopy was employed to investigate the functional groups present in the water-extracted polysaccharide (WE) fraction of Curcuma longa. The resulting spectrum displayed several characteristic absorption bands that are commonly associated with polysaccharide structures, confirming the carbohydrate nature of the sample.

A broad and intense absorption band centered around 3403 cm⁻¹ was observed, which is attributed to the O–H stretching vibrations of hydroxyl groups. This band is indicative of extensive hydrogen bonding, a common feature in polysaccharide chains due to the abundance of hydroxyl groups on sugar residues. The broadness of this band also suggests interactions among polysaccharide chains and with water molecules.

Another notable absorption band appeared at approximately 2933 cm⁻¹, corresponding to C–H stretching vibrations of aliphatic groups, particularly methylene (–CH₂–) and methyl (–CH₃) moieties. This band supports the presence of saccharide rings containing such functional groups.

Additionally, a distinct band was observed at 1371 cm⁻¹, which is associated with the symmetric stretching vibrations of the carboxylate (–COO⁻) group. This suggests the presence of uronic acid components or partially ionized carboxylic acid groups within the polysaccharide structure. Such anionic features may contribute to the polymer's solubility and its potential for biological interactions, including protein binding and metal ion chelation.

Further absorptions in the fingerprint region (1000–1200 cm⁻¹), although not detailed here, typically correspond to C–O–C and C–O stretching vibrations in glycosidic linkages and ring structures. These bands further support the identification of the sample as a polysaccharide.

Collectively, the FT-IR spectral features provide strong evidence that the WE fraction is a complex heteropolysaccharide, potentially containing uronic acid residues and displaying multiple functional groups responsible for its physicochemical and possibly bioactive properties.


Figure 1: FT-IR spectrum of WE fraction
Effect of carbohydrate polymer on BSA. 
 The UV-VIS spectra of  BSA (1.0 mg/mL) alone and in the presence of  WE (0.05–1.0 mg/mL) at pH 7.4 are shown in Figure 2. BSA exhibits two absorption peaks: one at 228 nm and another at 277.5 nm, which are attributed to the π-π* transition of the characteristic polypeptide backbone structure and the n-π* transition of aromatic amino acids [23]. Upon gradual addition of WE to the BSA solution at pH 7.4, the intensity of the peak at 228 nm decreases, and the λmax for the particles in the solution shifts slightly towards a longer wavelength (7.5 nm). These spectral changes suggest that the binding of WE with BSA disrupts the microenvironment around the polypeptide, likely due to complex formation. This interaction, which occurs above the isoelectric point (Ip) of BSA (Ip = 4.7), is likely attributed to electrostatic interactions between the locally positively charged patches on the protein [24] and the negatively charged polysaccharide, due to the presence of galacturonic acid.

The red shift (10 nm) observed in the maximum emission wavelength of  Bovine Serum Albumin (BSA) upon complexation with the polysaccharide (WE) is an interesting and significant finding. This shift, which occurs at pH 7.4, strongly suggests that the polysaccharide binds to BSA and induces conformational changes in the protein. The red shift typically occurs when the local environment around the fluorophore (in this case, the aromatic amino acids of BSA) is altered, such as through interactions with a ligand (the polysaccharide), leading to a change in the electronic structure of the chromophore. 

Figure 3. Fluorescence emission spectra of BSA         in the presence of water extracted carbohydrate polymer (WE) at excitation wavelength of 288 nm in 10 mM phosphate buffer at pH 7.4. (a) 0.75 μM BSA alone; (b−k) 0.75 μM BSA with 0.104,0.208, 0.417, 0.833, 1.25, 1.667, 2.083, 2.917, 3.333 and 3.75 μM WE.
Conclusion

The present study has successfully demonstrated that a yield of approximately 0.63% (w/w) of water extract (WE) can be obtained from Curcuma longa rhizomes using a straightforward water-based extraction technique. This highlights the efficiency and eco-friendliness of aqueous extraction for isolating polysaccharide-rich fractions from natural plant sources.

Chromatographic analyses, including monosaccharide composition profiling, revealed that the WE is composed predominantly of arabinose and galactose, indicating the presence of a heteropolysaccharide structure. The identification of these sugar residues suggests a potential for diverse biological functions, given the known bioactivities of arabinogalactan-type polysaccharides.

Further studies will be directed toward the comprehensive purification and structural elucidation of these polysaccharides using advanced analytical tools such as NMR spectroscopy, methylation analysis, and molecular weight determination techniques. Understanding the fine structure of these polymers will be crucial for correlating their physicochemical characteristics with potential functional and therapeutic properties.

Moreover, preliminary investigations into the interaction between bovine serum albumin (BSA) and the carbohydrate polymer (WE) were also conducted. This interaction provides insight into the binding affinity and possible biocompatibility of the polysaccharide, which may be relevant in drug delivery, protein stabilization, or nutraceutical formulations.

In conclusion, the findings of this study lay a solid foundation for future research into the functional applications of C. longa polysaccharides, particularly in the fields of pharmacology, food science, and biomaterials.
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Figure 2: Interaction of WE fraction with BSA     
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