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1. Introduction
Obesity is considered a disease that has grown significantly in the last two decades
worldwide. The concern with this increase is justified because obesity develops and remains
due to different factors, causing several other diseases and sometimes, can lead to death.
Several strategies have been searched to control its progress usually through therapies and,
in critical cases, surgeries. Despite all efforts, statistical studies show that obesity is still
growing consequently generates the necessity of further studies on the subject (Dacome,
2005).
Epidemiological researches have studied the impact of overweight and obesity on the risk of
chronic disease, as coronary heart disease, type 2 diabetes mellitus, hypertension, stroke,
dyslipidemia, insulin-resistance, glucose intolerance, metabolic syndrome, and cancers of
the breast, endometrium, prostate and colon (Aslander-van Vliet et al., 2007). Health
consequences and compromised quality of life associated with obesity provide incentives to
abate the obesity epidemic. However, despite recognition of these effects, the epidemic of
obesity and overweight is not reversed (Johnson et al., 2007).
In general, treatments for obesity are based on regular exercise, nutritional reeducation,
pharmacological treatment, behavioral therapy and use of dietary fibers that promote the
reduction of fat absorption (Aslander-van Vliet et al., 2007). Much research has been
conducted on the dietary supplements that promote the reduction of body weight and fat
mass (Saper et al., 2004). These ingredients reportedly act as a fiber to increase satiety and
also to decrease the absorption of fat by binding to it (Kumirska et al., 2010).
© 2012 Rodrigues et al., licensee InTech. This is an open access chapter distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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A natural substance that helps in these anti-obesity treatments that has been highly
recommended to control obesity is chitosan (Hennen, 2005). Chemically speaking, chitosan
(Figure 1) is a linear polysaccharide of 1→4)-linked-2-amino-2-deoxy-D-glucopyranose
obtained by deacetylation of chitin, the main component of the exoskeleton of insects and
crustaceans (Kumirska et al., 2010). It has many important properties, such as non-toxicity,
biocompatibility, biodegradability, antimicrobial activity, chemical reactivity (Cummings et
al., 2010), industrial applications (Hennen, 2005), as well as carrier for body fat (Ni Mhurchu
et al., 2004; Ni Mhurchu et al., 2005; Jull et al., 2008; Lois & Kumar, 2008), cholesterol and
triglyceride (Razdan & Petterson, 1994; Liu et al., 2008; Zhang et al., 2008). Many
mechanisms (Tapola et al., 2008; Prajapati, 2009) to explain the carriers and absorptive
properties of microenvironment produced by chitosan in solution have been proposed.
However, the use of chitosan is still controversial, and studies in favor and against the use of
chitosan have been constantly reported. Many studies have confirmed the
hypocholesterolemic activity of chitosan (Sugano et al., 1978; Liao et al., 2007; Yao et al.,
2008; Liu et al., 2008; Zhang et al., 2008). The same way, works have reported that the
triglyceride and cholesterol absorption have been inhibited and the cholesterol
concentration of mice fed with a high fat diet plus chitosan has been decreased (Razdan &
Petterson, 1994; Liu et al., 2008; Zhang et al., 2008). Other studies reported that chitosan is
efficacious in facilitating the reducing body fat and weight loss in obese individuals (Schiller
et al., 2001; Kaats et al., 2006).
On the other hand, studies have shown that oral administration of chitosan has weak action
on the reduction of triglyceride and plasma cholesterol in rabbits (Hirano & Akiyama, 1995).
Other works have reported that the effect of chitosan on body weight is minimal and
unlikely to be of clinical significance (Ni Mhurchu et al., 2004; Ni Mhurchu et al., 2005; Lois
& Kumar, 2008, Jull et al., 2008), as well as that the fat trapped was clinically insignificant in
studies with overweight adults treated with chitosan capsules before each meal (Pittler et al.,
1999; Pittler & Ernst, 2004; Gades & Stern, 2005).

Figure 1. Chemical structure of chitosan.

Is well known that chitosan produces microenvironments with carriers and absorptive
properties in acidic aqueous solution. These begin to form above a certain concentration,
critical aggregate concentration, CAC (Rodrigues, 2005). The mechanism of solubilization of
molecules is well known (Rodrigues, 2005; Rodrigues et al., 2008) however, the process by
which chitosan acts as a carrier of fat is not yet fully understood and two mechanisms have
been suggested (Prajapati, 2009; Tapola et al., 2008). One of these mechanisms describe the
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effect of chitosan fiber network, were chitosan also binds neutral lipids like cholesterol and
triglycerides through hydrophobic bonds (Tapola et al., 2008; Prajapati, 2009). In other
mechanism, the positive charges (NH3+ group generated by stomach acids) on chitosan
attract and binds to fatty and bile acids (both negatively charged). This complex is
indigestible by the body and excreted in the feces (Tapola et al., 2008; Prajapati, 2009).
Regardless of the solubilization mechanism, nutrients can also be solubilized in chitosan
microenvironments, as reported in some studies. Works demonstrated that chitosan causes
significant decrease in protein digestibility (Deuchi et al., 1994) and its effect on nutrient
digestibility (Ho et al. 2001). Nevertheless, studies on the interaction of chitosan with
nutrients are still rare and inconclusive (Gades & Stern, 2005; Hennen, 2005; Kaats et al.,
2006; Barbosa et al., 2007; Tapola et al., 2008).
In this context, we present a comparative study of interactions of the chitosan with
molecules of two vitamins and one drug. To each molecule, the study was conducted in acid
aqueous solution, condition similar to the stomach environment, where occurs formation of
chitosan gel responsible for solubilizing molecules.
Drug fluoxetine was chosen for this study. The need for anti-depressive drugs with few side
effects, as anticholinergic activity and cardiovascular accidents, boosted the development of
new anti-depressant compounds (Böer et al., 2010), as fluoxetine, which inhibits the uptake
of serotonin by the neurons in the brain, enhances serotonin neurotransmission and had the
longest half-life that other selective serotonine reuptake inhibitors (SSRIs) (Rizo et al., 2011).
The precise mechanism of action is not clear but it has less cardiovascular, sedative and
anticholinergic effects than the tricyclic antidepressant drugs (Shah et al., 2008). The main
indications for the prescription of fluoxetine are for obsessive-compulsive disorder,
depression therapy, bulimia nervosa, alimentary disorders and obesity (Suarez et al., 2009).
Besides drug, the nutritional reeducation and intake of dietary fibers as chitosan has been
recommended in treatments for obesity (Aslander-van Vliet et al., 2007). Based on the
possible concurrent use of fluoxetine and chitosan, it is important to evaluate the
interactions between both substances.
Vitamins chosen for this study were the B2 and B12. Vitamin B2 or riboflavin is a vitamin B
complex that participates in numerous metabolic reactions and physiological functions
(United States Pharmacopeia, 2007). Vitamin B12 or cyanocobalamin is an essential
component in human diet, plays a key role in cell nucleus, enzymatic processes in the
mitochondria, and cytoplasm; it is necessary for the synthesis of red blood cells, for the
maintenance of the nervous system, and for the growth and development in children (Wang
et al., 2007). Both vitamins are not produced by the body and are consumed only in small
quantities (Sommer, 2008); deficiency can cause many diseases (Sun et al., 2007).
The interactions between chitosan-vitamin and chitosan-drug have been verified by
monitoring the photophysical properties of these components. For this, fluorescence and
UV-Vis absorption measurements were initially evaluated in acid aqueous solution and
after in weakly acidic solution of chitosan given information about the interactions between
this chemical component in conditions that approaches the stomach chemical environment.
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2. Experimental
2.1. Chemicals
Chitosan and fluoxetine hydrochloride were purchased from Aldrich Chemical Co. (St.
Louis, MO, USA), and vitamin B2 (riboflavin, 96%) and vitamin B12 (cyanocobalamin,, USP
Grade) from Vetec Co. (Duque de Caxias, RJ, Brazil).and Merck Co. (Darmstadt, Hessen,
Federal Republic of German), respectively. Other chemicals were ultraviolet/highperformance liquid chromatography grade and used without further purification; ultrapure
water was supplied by a Milli-Q system.

2.2. Spectroscopic measurements
Previous studies have shown that the best conditions to solubilize chitosan are: chitosan 1%
(w/v) dissolved in aqueous solution of glacial acetic acid 1% (v/v) under stirring (Signini &
Campana Filho, 1999; Rodrigues, 2005; Rodrigues et al., 2008), so measurements in presence
of chitosan were conducted in these conditions.
Chitosan has no fluorescence emission or absorption in the experimental conditions. The
absorption spectra of chemicals (fluoxetine, B2 and B12) were measured using quartz
cuvettes with 1 cm of optical pathway. The fluorescence measurements were performed at
excit= 275 nm and emis= 305 nm for vitamin B12 (Li and Chen, 2000); at excit= 440 nm
and emis= 305 nm for vitamin B2 (United States Pharmacopeia, 2007; Association of
Official Analytical Chemists, 2005); and at excit= 230 nm and emis= 290 nm for fluoxetine
(United States Pharmacopeia, 2007; Association of Official Analytical Chemists, 2005).
Absorbance measurements were taken at maximum of the absorption spectra and
performed at room temperature.
Initially, variations of both fluorescence and absorption spectra of the chemicals (fluoxetine,
B12 and B2) were taken as a function of their concentration in acid aqueous solution and
after in different concentrations of chitosan in aqueous acid solution, at the same range of
chemicals concentration. The variation in the spectra of the chemicals (fluoxetine, vitamins
B2 and B12) was also studied by keeping fixed the concentration of vitamin and varying the
concentration of chitosan in acid aqueous solution).

3. Results and discussion
Absorption spectra and chemical structures of chemicals are shown in Figure 2. Spectral
data in Figure 2.a shows that vitamin B12 absorb significantly within 425–600 nm range, as
described in the literature (Zheng & Lu, 1997; British Pharmacopoeia, 1998) and the present
work chose the absorption peak at ~550 nm to assess the spectral behavior. Similar graphs
have been obtained for vitamin B2 and fluoxetine. Figure 2.b shows that the absorption
maximum for the vitamin B2 occurs at ~440 nm, data consistent with the literature ((United
States Pharmacopeia, 2007). Figure 2.c. shows the absorption spectrum of fluoxetine
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consistent with the literature (Fregonezi-Nery et al., 2008) that exhibits two absorption
maxima at 270 and 275 nm. The last one maximum was chosen to monitor the spectral
behavior of fluoxetine.
The chitosan-chemicals (fluoxetine, vitamins B2 and B12) interaction have been studied in
aqueous acid solution by the monitoring the fluorescence and UV-visible spectra of
chemicals, each monitored separately.
In three cases, the increase in concentration of chemical causes an increase in both
absorption and fluorescence intensities due to the increase of species that absorb and emit
light and this increases is linear profile always indicating that self-aggregation processes are
not occurring in this concentration range (data not shown).
Subsequently, chemicals (fluoxetine, vitamins B2 and B12) were studied in the absence and
the presence of chitosan, at concentrations 0.050 g.L-1, 0.60 g.L-1 and 1.0 g.L-1 of
polysaccharide, keeping fixed the chemicals concentration (8.5x10-5 mol.L-1). With the
increase of chitosan concentration both fluorescence and absorption intensities of chemicals
are increased.
Figures 3, 4 and 5 show the behavior of fluorescence intensities to fluoxetine, vitamin B12
and B2, respectively. In all graphics, fluorescence intensities significantly increase when
chitosan concentration goes from zero to 1.0 g.L-1. This is a common behavior of fluorescent
molecules when they migrate from the solution for environment of different polarity
(Kalyanasundaram, 1987) and is due to the influence of microenvironment formed by
chitosan on the photophysics of the chemical that is changed due to spatial hindrance that it
suffers and due to loss of part of rotational freedom of substituent groups,
(Kalyanasundaram & Thomas, 1977; Valeur, 2001). Then, with increase concentration of
chitosan, the microenvironment becomes more rigid and the lifetime of the chemicals
(fluoxetine, vitamins B2 and B12) in the excited states are living longer (Kalyanasundaram,
1987). However, fluorescence intensities of vitamin B12 and fluoxetine show similar increase
rate while vitamin B2 is markedly lower. The increase of fluorescence intensities with the
polysaccharide concentration has been observed also to vitamin in pharmaceutical
formulations containing dextran (Alda et al., 1996).
Absorption intensities of chemicals (fluoxetine, vitamins B2 and B12) increase with the
chitosan concentration similarly to the of fluorescence intensities, Figure 6. The reason for
this behavior is the increased stiffness of environment generated by chitosan chains.
However, in this case, intensities show the following increasing order: vitamin B2,
fluoxetine and vitamin B12.
In chemical structure of all chemicals (fluoxetine, vitamins B2 and B12) there are rings with
double bonds and polar groups that can interact strongly with the similar groups of
chitosan. There are also OH groups in the molecular structure of chitosan favor hydrogenbonding type interactions with polar groups of chemicals. These interactions can influence
the absorption and the emission processes of radiation of molecules reducing the rotational
degrees of freedom of the molecule (Ramamurthy, 1991).
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In general way, results demonstrated that three chemicals (fluoxetine, vitamins B2 and B12)
are transferred to microenvironment generated by weakly acidic solution of chitosan but in
different proportions, due to the structural feature and solubility of each. Table 1 describes
the relative increase of the fluorescence and absorption intensities of the chemicals when
chitosan concentration ranges from zero to 1.0 g.L-1.
Both vitamins belong to the class of hydro soluble vitamins (Sun et al., 2007), while the
fluoxetine drug is slightly soluble in water (Darwish, 2005). The low solubility promotes
some molecules of fluoxetine to migrate from aqueous environment to the more rigid
environment generated by chitosan (the higher the concentration) causing a proportionately
greater increase of absorbance and fluorescence intensities. However, the fluorescence
intensities of vitamin B12 also increase in the same proportion and the absorbance
intensities in proportion even higher, despite the hydro soluble nature of this vitamin.

Figure 2. Absorption spectra and chemical structures of vitamin B12 (A), vitamin B2 (B)
and fluoxetine (C).
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These results demonstrate that the transfer process of chemicals from aqueous environment
to the chitosan aggregates is influenced by solubility of the molecules in water and/or by the
molecular structure. Particularly, the structure molecular of vitamin B12 seems to have an
interesting effect in this case. Vitamin B12 belong to the cobalamins, a class of octahedral
Co(III) complexes which contain a planar framework called a corrin, with the metal center
coordinated in the equatorial position by the four corrin nitrogens. Her energies of excited
states are sensitive to the nature of the ligands of center coordinated and are influenced by
water content of the surrounding environment (Solheim et al., 2011). These characteristics
may be the reason for the more significant increase of the spectral properties of the vitamin
B12, with increasing concentration of chitosan (lower water content), compared with the
vitamin B2.
In fact, some molecules of fluoxetine or vitamins B2 or B12, are transferred to
microenvironment generated by weakly acidic solution of chitosan. Among the three, the
vitamin B2 is transferred in a smaller proportion. However, for all of them is expected that
its loss in the diet, caused by administration of chitosan, is not so significant.
From our observations, possible risks to the patient should be considered when prolonged
treatment with chitosan is prescribed and perhaps extra care should be taken when
chitosan and fluoxetine are prescribed together in slimming diets. In the case of vitamins,
essential for many physiological functions, there must be some precautions to minimize
the impacts generated by this therapeutic, as the replacement of nutrients in the diet of
patient.

Figure 3. Fluorescence spectra of fluoxetine in acid aqueous solution of chitosan.
Chitosan concentrations: 0.00; 0.050; 0.60 and 1.0 (from the base to the top).
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Figure 4. Fluorescence spectra of vitamin B12 in acid aqueous solution of chitosan. Chitosan
concentrations: 0.00; 0.050; 0.60 and 1.0 (from the base to the top).

Figure 5. Fluorescence spectra of vitamin B2 in acid aqueous solution of chitosan. Chitosan
concentrations: 0.00; 0.050; 0.60 and 1.0 (from the base to the top).
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Figure 6. Behavior of absorption intensities of fluoxetine, vitamin B12 and B2.

Chemicals
Vitamin B12
Vitamin B2
fluoxetine

I
107 %
30 %
109 %

ABS
80 %
14 %
40 %

Table 1. Relative increase on the fluorescence (I) and absorption (ABS) intensities of the fluoxetine,
vitamins B2 and B12 when chitosan concentration ranges from zero to 1.0 g.L-1.

This paper seeks to warn to possible problems connected with the excessive loss of vitamins
and other nutrients by the body during prolonged treatment with chitosan, as well as due
the concomitant use of chitosan and fluoxetine.

4. Conclusions
Innumerous studies have described the formation of aggregates in naturals (Kim et al., 2000;
Pelletier et al., 2000; Zhbankov et al., 2003), as chitosan ((Rodrigues, 2005; Hennen, 2005;
Rodrigues et al., 2008) and synthetic (Kalyanasundaram, 1987; Neumann & Rodrigues, 1994;
Neumann et al., 1995; Gomes et al., 2006; Gomes et al., 2007; Sur, 2010) polymers solutions
and these molecular structures occur due to intra- and intermolecular interactions.
Chitosan is a polysaccharide precursor of materials suitable to release and/or dissolve drugs
into the human body (Hennen, 2005), among other uses. However, the study of spectral
properties of chemicals, fluoxetine, vitamins B2 and B12, demonstrated that the
microenvironment generated by weakly acidic solution of chitosan also is able to sequester
some B2, B12 and fluoxetine molecules, despite the hydro soluble nature of vitamins.

612 The Complex World of Polysaccharides

The results described in the current work demonstrated the wide range of possibilities in the
studies of interaction between chitosan, used in diets as anti-obesity supplement, and
molecules that are present in the human body, as well as with other drugs. Moreover, our
work demonstrates the need for more studies on the subject as a means of providing
information on the use of chitosan in diets as anti-obesity supplement.

Author details
Máira Regina Rodrigues*
Universidade Federal Fluminense, Polo Universitário de Rio das Ostras, Rio das Ostras, RJ, Brazil
Alexandre de Souza e Silva and Fábio Vieira Lacerda
Centro Universitário de Itajubá, Instituto de Ciências Biológicas, BairroVarginha, Itajubá,
MG, Brazil

Acknowledgement
The authors thank CNPq and FAPESP for the financial support.

5. References
Alda, M.J.L.; Parceiro, P.; Goicoechea, A.G. (1996). Rapid zero-order and second-derivative
UV spectrophotometric determination of cyanocobalamin in pharmaceutical
formulations containing dextran and preservatives. Journal of Pharmaceutical and
Biomedical Analysis, 14:363-365.
Aslander-van Vliet, E.; Smart, C.; Waldron, S. (2007). Nutritional management in childhood
and adolescent diabetes. Pediatric Diabetes, 8:323-339.
Association of Official Analytical Chemists. (2005). Official Methods of Analysis of the
Association Analytical Chemists. 18th ed. Gaithersburg, MD: AOAC.
Barbosa, L.S.; Pazdziora, A.Z.; Kojima, A.S.G.; Martins, M.S.F.; Ferreira, C.L.P.; Macêdo,
G.S.; Latorraca, M.Q.; Gomes-da-Silva, M.H.G. (2007). Effects of chitosan over some
nutritional and biochemical parameters in rats. Journal of Brazilian Society of Food and
Nutrition, 32:1-13.
Böer, U.; Noll, C.; Cierny, I.; Krause, D.; Hiemke, C.; Knepel, W. (2010). A common
mechanism of action of the selective serotonin reuptake inhibitors citalopram and
fluoxetine: Reversal of chronic psychosocial stress-induced increase in CRE/CREBdirected gene transcription in transgenic reporter gene mice. European Journal of
Pharmacology, 633:33-38.
British Pharmacopoeia. (1998). Her Majesty’s Stationery Office, London, p.413.
Cummings, J.H.; Roberfroid, M.B.; Andersson, H.; Barth, C.; Ferro-Luzzi, A.; Ghoos, Y.;
Gibney, M.; Hermansen, K.; James, W.P.T.; Korver, O.; Lairon, D.; Pascal, G.; Voragen,

*

Corresponding Author

The Chitosan as Dietary Fiber: An in vitro Comparative
Study of Interactions with Drug and Nutritional Substances 613

A.G.S. (2010). A new look at dietary carbohydrate: chemistry, physiology and health.
European Journal of Clinical Nutrition, 64:334-339.
Dacome, L. (2005). Useless and pernicious matter: corpulence in eighteenth-century britain.
In: Cultures of the abdomen: diet, digestion and fat in the modern world. Eds: A. CardenCoyne and C. Forth. Palgrave, New York.
Darwish, I.A. (2005). Development and validation of spectrophotometric methods for
determination of fluoxetine, sertraline, and paroxetine in pharmaceutical dosage forms.
Journal of AOAC International, 88:38-45.
Deuchi, K.; Kanauchi, O.; Imasato, Y.; Kobayashi, E. (1994). Decreasing effect of chitosan on
the apparent fat digestibility by rats fed on a high-fat diet. Bioscience Biotechnology &
Biochemistry, 58:1613-1616.
Fregonezi-Nery, M.M.; Baracat, M.M.; Casagrande, R.; Machado, H.T.; Miglioranza, B.;
Gianotto, E.A.S. (2008). Validação de métodos para determinação de fluoxetina em
cápsulas. Química Nova, 31:1665-1669.
Gades, M.D.; Stern, J.S. (2005). Chitosan supplementation and fat absorption in men and
women. Journal of the American Dietetic Association, 105:72-77.
Gomes, A.J.; Faustino, A.S.; Machado, A.E.H.; Zaniquelli, M.E.; Rigoletto, T.P.; Lunardi, C.N.
(2006). Characterization of PLGA microparticle as a drug carrier for the compound 3ethoxycarbonyl-2H-benzofuro[3,2-d]-1-benzopyran-2-one. Ultra structural study of
cellular up take and intracellular distribution. Drug Delivery, 13:447–454.
Gomes, A.J.; Assunção, R.M.N.; Rodrigues Filho, G.; Espreafico, E.M.; Machado, A.E.H.
(2007). Preparation and characterization of poly(D,L-lactic-co-glycolicacid)
nanoparticles
containing
3-(benzoxazol-2-yl)-7-(N,N-diethylamino)cromen-2-one.
Journal of Applied Polymer Science, 105:964–972.
Hennen, W.J. (2005). Chitosan. Woodland Publishing Inc., Pleasant Grove, Utah.
Hirano, S.; Akiyama, Y. (1995). Absence of a hypocholesterolaemic action of chitosan in
high-serum-cholesterol rabbits. Journal of the Science of Food and Agriculture, 69:91-94.
Ho, S.C.; Tai, E.S.; Eng, P.H.; Tan, C.E.; Fok, A.C. (2001). In the absence of dietary
surveillance, chitosan does not reduce plasma lipids or obesity in
hypercholesterolaemic obese Asian subjects. The Singapore Medical Journal, 42:6–10.
Johnson, R.J.; Segal, M.S.; Sautin, Y.; Nakagawa, T.; Feig, D.I.; Kang, D.H.; Gersch, M.S.;
Benner, S.; Sánchez-Lozada, L.G. (2007). Potential role of sugar (fructose) in the
epidemic of hypertension, obesity and the metabolic syndrome, diabetes, kidney
disease, and cardiovascular disease. The American Journal of Clinical Nutrition, 86:899906.
Jull, A.B.; Ni Mhurchu, C.; Bennett, D.A.; Dunshea-Mooij, C.A.; Rodgers, A. (2008). Chitosan
for overweight or obesity. Cochrane Database System Review, 16:CD003892.
Kaats, G.R.; Michalek, J.E.; Preuss, H.G. (2006). Evaluating eficacy of a chitosan product
using a double-blinded, placebo-controlled protocol. Journal of the American College of
Nutrition, 25:389-394.
Kalyanasundaram. K.; Thomas, J.K. (1977). Environment effects on vibronic band intensities
in pyrene monomer fluorescence and their application in studies of micellar systems.
Journal of the American Chemical Society, 99:2039–2044.

614 The Complex World of Polysaccharides

Kalyanasundaram, K. (1987). Photochemistry in microheterogeneous systems. Academic, New
York.
Kim, I.S.; Jeong, Y.L.; Kim, S.H. (2000). Core-shell type polymeric nanoparticles composed of
poly(l-lacticacid) and poly(N-isopropylacrylamide). The International Journal of
Pharmaceutics, 205:109-115.
Kumirska, J.; Czerwicka, M.; Kaczyński, Z.; Bychowska, A.; Brzozowski, K.; Thöming, J.;
Stepnowski, P. (2010). Application of spectroscopic methods for structural analysis of
chitin and chitosan. Marine Drugs, 8:1567–1636.
Li, H.B.; Chen, F. (2000). Determination of vitamin B12 in pharmaceutical preparations by a
highly sensitive fluorimetric method. Fresenius' Journal of Analytical Chemistry, 368:836–
838.
Liao, F.H.; Shieh, M.J.; Chang, N.C.; Chien, Y.W. (2007). Chitosan supplementation lowers
serum lipids and maintains normal calcium, magnesium, and iron status in
hyperlipidemic patients. Nutrition Research, 27: 146-151.
Liu, J.; Zhang, J.; Xia, W. (2008). Hypocholesterolaemic effects of different chitosan samples
in vitro and in vivo. Food Chemistry, 107:419-425.
Lois, K.; Kumar, S. (2008). Pharmacotherapy of obesity. Therapy, 5:223-235.
Neumann, M.G.; Rodrigues, M.R. (1994). Photochemical determination of aggregation in
polyelectrolytes and the binding constants of quencher molecule. Journal of
Photochemistry and Photobiology A: Chemistry, 83:161-164.
Neumann, M.G.; Tiberti, L.; Rodrigues, M.R. (1995). Binding of metallic cations to
poly(styrenesulphonate)polymers and copolymers. Journal of the Brazilian Chemical
Society, 6:179-195.
Ni Mhurchu, C.; Poppitt, S.D.; McGill, A.T.; Leahy, F.E.; Bennett, D.A.; Lin, R.B.; Ormrod,
D.; Ward, L.; Strik, C.; Rodgers, A. (2004). The effect of the dietary supplement,
chitosan, on body weight: a randomised controlled trial in 250 overweight and obese
adults. International Journal of Obesity, 28:1149–1156.
Ni Mhurchu, C.; Dunshea-Mooij, C.; Bennett, D.; Rodgers, A. (2005). Effect of chitosan on
weight loss in overweight and obese individuals: a systematic review of randomized
controlled trials. Obesity Reviews, 6:35–42.
Pelletier, S.; Hubert, P.; Lapicque, F.; Payan, E.; Dellacherie, E. (2000). Amphiphilic
derivatives of sodium alginate and hyaluronate: synthesis and physic-chemical
properties of aqueous dilute solutions. Carbohydrate Polymers, 43:343-349.
Pittler, M.H.; Abbot, N.C.; Harkness, E.F.; Ernst, E. (1999). Randomized, double-blind trial of
chitosan for body weight reduction. European Journal of Clinical Nutrition, 53:379-381.
Pittler, M.H.; Ernst, E. (2004). Dietary supplements for body-weight reduction: a systematic
review. American Journal of Clinical Nutrition, 79:529-536.
Prajapati, B.G. (2009). Chitosan a marine medical polymer and its lipid lowering capacity.
The internet Journal of Health, 9:1-7.
Ramamurthy, V. (1991). Use of photophysical techniques in the study of organized
assemblies. In: Photochemistry in organized and constrained media. Eds: C. Bohne, RW
Redmond, JC Scaiano. VCH, New York.

The Chitosan as Dietary Fiber: An in vitro Comparative
Study of Interactions with Drug and Nutritional Substances 615

Razdan, A.; Petterson, D. (1994). Effect of chitin and chitosan on nutrient digestibility and
plasma lipid concentration in broiler chickens. British Journal of Nutrition, 72:277-288.
Rizo, C.; Deshpande, A.; Ing, A.; Seeman, N. (2011). A rapid, web-based method for
obtaining patient views on effects and side-effects of antidepressants. Journal of Affective
Disorders, 130:290-293.
Rodrigues, M.R. (2005). Synthesis and investigations of chitosan derivatives formed by
reaction with acyl chlorides. Journal of Carbohydrate Chemistry, 24:41-54.
Rodrigues, M.R.; Lima, A.; Codognoto, C.; Villaverde, A.B.; Pacheco, M.T.T.; de Oliveira,
H.P.M. (2008). Detection of polymolecular associations in hydrophobized chitosan
derivatives using fluorescent probes. Journal of Fluorescence, 8:973–977.
Saper, R.B.; Eisenberg, D.M.; Phillips, R.S. (2004). Common dietary supplements for weight
loss. American Family Physician, 70:1731-1738.
Schiller, R.N.; Barrager, E.; Schauss, A.G.; Nichols, E.J. (2001). A randomized, double-blind,
placebo-controlled study examining the effects of a rapidly soluble chitosan dietary
supplement on weight loss and body composition in overweight and mildly obese
individuals. Journal of the American Nutraceutical Association, 4:42-49.
Shah, J.; Jan, R.; Rehman, F. (2008). Flow injection spectrophotometric determination of
fluoxetine in bulk and in pharmaceutical preparations. Journal of the Chilean Chemical
Society, 3:53-59.
Signini, R.; Campana Filho, S.P. (1999). On the preparation and characterization of chitosan
hydrochloride. Polymer Bulletin, 42:159–163.
Solheim, H.; Kornobis, K.; Ruud, K.; Kozlowski, P.M. (2011). Electronically Excited States of
Vitamin B12 and Methylcobalamin: Theoretical Analysis of Absorption, CD, and MCD
Data. The Journal of Physical Chemistry B, 115:737–748.
Sommer, A. (2008). History of nutrition - Vitamin A deficiency and clinical disease: An
historical overview. Journal of Nutrition, 138:1835-1839.
Suarez, W.T.; Sartori, E.R.; Batista, É.F.; Fatibello-Filho, O. (2009). Flow-injection
turbidimetric determination of fluoxetine hydrochloride in pharmaceutical
formulations. Química Nova, 32:2396-2400.
Sugano, M.; Fujikawa, T.; Hiratsuji, Y.; Hasegawa, Y. (1978). Hypocholesterolemic effects of
chitosan in colesterol-fed rats. Nutrition Reports International, 18:531-537.
Sun, J.; Zhu, X.; Wu, M. (2007). Hydroxypropyl-β-Cyclodextrin Enhanced Determination for
the Vitamin B12 by Fluorescence Quenching Method. Journal of Fluorescence, 17:265–270.
Sur, U.K. (2010). Stimuli-responsive bio-inspired synthetic polymer nanocomposites. Current
Science, 98:1562-1563.
Tapola, N.S.; Lyyra, M.L.; Kolehmainen, R.M.; Sarkkinen, E.S.; Schauss, A.G. (2008). Safety
aspects and cholesterol-lowering efficacy of chitosan tablets. Journal of the American
College of Nutrition, 27:22–30.
United States Pharmacopeia (USP). (2007). United States Pharmacopeial Convention. 30 th
ed. Rockville.
Valeur, B. (2001). Molecular fluorescence: principles and applications. Wiley-VCH, Verlag.
Wang, X.; Wei, L.; Kotra, L.P. (2007). Cyanocobalamin (vitamin B12) conjugates with
enhanced solubility. Bioorganic & Medicinal Chemistry, 15:1780–1787.

616 The Complex World of Polysaccharides

Yao, H.T.; Huang, S.Y.; Chiang, M.T. (2008). A comparative study on hypoglycemic and
hypocholesterolemic effects of high and low molecular weight chitosan in
streptozotocin-induced diabetic rats. Food and Chemical Toxicology, 46:1525-1534.
Zhang, J.; Zhang, J.; Liu, J.; Li, L.; Xia, W. (2008). Dietary chitosan improves
hypercholesterolemia in rats fed high-fat diets. Nutrition Research, 28:383-390.
Zhbankov, R.G.; Firsov, S.P.; Grinshpan, D.D.; Baran, J.M.K.; Marchewkac, Ratajczak, H.
(2003). Vibrational spectra and noncovalent interactions of carbohydrates molecules.
Journal of Molecular Structure, 645:9-16.
Zheng, D.; Lu, T. (1997). Electrochemical reactions of cyanocobalamin in acidic media.
Journal of Electroanalytical Chemistry, 429:61-65.

