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Abstract
Background: Chondroitin sulfate (CS) and glucosamine (GLcN) are recommended for the restoration of the articular
cartilage surface in patients affected by osteoarthritis. They are commercialized as pharmaceutical-grade products and
as food supplements, and there are reports that they do not undergo the strict quality controls of pharmaceuticals.
Herein, we evaluated the physicochemical parameters of two raw materials (CS and GlcN) obtained from two distinct
suppliers in Brazil and compare the obtained data with the product specification provided by the manufacturer. Also,
the homogeneity and purity grade of samples were analyzed by FT-IR spectroscopy.
Results: The organoleptic properties and solubility of CS and GlcN samples obtained from pharmacy analyses and the
supplier’s specifications are in accordance with the standards required by the Brazilian Health Regulatory Agency (ANVI
SA). However, the intraclass correlation coefficient (ICC) and Bland Altman analysis of pH and the density values of
samples are statistically different between the suppliers. In addition, FT-IR analyses indicated that there is nonhomogeneity in the CS and GlcN samples tested, showing that both manufacturers distribute the drugs in different
concentrations, although both declare the same concentration in the product technical specifications.
Conclusion: In summary, our study demonstrated that physicochemical parameters are insufficient to ensure product
quality, and it is necessary to implement a more efficient protocol to ensure the quality of the final product.
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Background
Osteoarthritis is a progressive, degenerative joint and
musculoskeletal disease with a huge incidence and economic impact [1]. It involves mechanical overloading of
the articular joints, loss of cartilage and synovial fluids,
bone degradation, inflammation, and reduction of mobility and quality of life [2]. Pharmacological therapy includes analgesics or non-steroidal anti-inflammatory
drugs [3] or, as an alternative, chondroitin sulfate (CS)
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and glucosamine sulfate (GlcN) as anti-osteoarthritis
agents [4–6]. CS and GlcN are recommended by the
European League Against Rheumatism (EULAR) and the
Osteoarthritis Research Society International (OARSI)
guidelines for the treatment of symptomatic knee and
hip osteoarthritis, providing relief of pain and increasing
joint mobility [7, 8].
CS is a glycosaminoglycan that occurs naturally in the
extracellular matrix of connective tissues, e.g., bone, cartilage, skin, ligaments, and tendons [9, 10]. GlcN is produced in the human body as a precursor to glycosylated
lipids, proteins, glycosaminoglycans (GAGs), and proteoglycans [5]. Commercially available CS is extracted from
the cartilage of different animals [11]. The structural
heterogeneity of CS obtained from different animal
sources has been reported in the literature [12], and
some pharmaceutical preparations also present contamination with other GAGs due to failures during the purification process [12–14]. GlcN can be obtained through
the extraction of chitin from crustacean shells followed
by both alkaline or acid hydrolyzes or by de novo chemical synthesis [5, 9], and it is commercialized as stabilized salt of glucosamine or glucosamine sulfate [5].
Despite that, CS and GlcN are combined in pharmaceutical preparations and in food supplements to be orally
administered as anti-osteoarthritis active principles even
in long-term therapy [15]. The EULAR and the European Society for Clinical and Economic Aspects of
Osteoporosis and Osteoarthritis and Musculoskeletal
Disease (ESCEO) have recommended daily dosages of
CS and GlcN between 800 and 1200 mg and between
1250 and 1500 mg, respectively [4, 8].
All raw materials authorized for usage in pharmaceutical formulations must comply with pharmacopeial specifications, including a list of tests, analytical procedures,
and tolerance limits, or acceptance criteria to which
products should conform [16]. These specifications are
among the main screening tools used by regulatory authorities in analytical testing for quality assessment and
express the quality standards for the concerned products
[17]. In Brazil, pharmaceutical preparations of bovine CS
in combination with GlcN for oral administration are
available as capsule and sachet formulations and are routinely prepared in the compounding pharmacy [18].
They represent an important economic resource in the
Brazilian pharmaceutical market, comprising a total of
8% of the turnover in the entire pharmaceutical sector,
according to the Brazilian Association of Compounding
Pharmacists [19], because the medicines are offered at
lower prices than the industrialized formulation. Therefore, an emphasis on product quality is necessary with
the growth of this sector, which is regulated by the Brazilian Health Regulatory Agency (ANVISA), created by
federal law in 1999 [20].
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ANVISA established quality control parameters for
manufactured products, preparations, and the effectiveness of compounded drugs [21–24]. Routinely, the raw
material is submitted to physicochemical analyses, such
as organoleptic evaluations, solubility, pH, melting point,
and density, according to the Brazilian pharmacopeial
specifications [25]. However, analytical analyses of results’ assessment, even in compliance, were able to identify different products and manufacturers with a trend
toward the lower tolerance limits. Because the preparations of CS, whether or not they are combined with
GlcN, present extensive chemical variations depending
on their animal source [4, 12, 14, 26–28], it is necessary
to establish a comprehensive set of analytical protocols to
assess the fine structure, physicochemical characteristics,
and purity of each type of CS and GlcN present in these
pharmaceutical products. In the present study, we evaluated the physicochemical parameters of two raw materials
used in pharmaceutical formulations for osteoarthritis
treatment (CS and GlcN) in compounding pharmacy, according to Brazilian pharmacopeia specifications and analytical data from post-marketing and recognized by ANVI
SA [20], and compared the obtained data with the product
specification report provided by the manufacturer. Also,
FT-IR analyses were performed to verify the homogeneity
and purity grade of CS and GlcN samples obtained from
two distinct suppliers.

Methods
Chemical reagents

All chemical reagents used in the present study were of
analytical grade (purity higher than 95%) and purchased
from Sigma-Aldrich Corporation (USA).
Collection of samples

Chondroitin sulfate (n = 50; CS) and glucosamine (n =
50; GlcN) samples, with molecular formulas of
C14H19NO14S (MW = 457.4 g/mol) and (C6H14NO5)
2SO4.2KCl (MW = 605.52 g/mol), respectively, were obtained in a solid pharmaceutical form from two different
Brazilian pharmaceutical companies. The names of the
manufacturers were kept anonymous due to ethical principles; the manufacturers are identified here as supplier
1 (S1) and supplier 2 (S2), and both are duly licensed by
the competent sanitary authority in Brazil. Samples were
submitted for physicochemical evaluation, including the
determination of organoleptic characteristics (description of color and odor), pH, solubility, and density. All
methods of performing these analyses were conducted
according to the Brazilian pharmacopeia specifications
and analytical data from post-marketing [25] and were
recognized by ANVISA, responsible for pharmaceutical
product regulation in Brazil [20]. In summary, the data
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obtained were compared to the product specification report provided by the manufacturer.
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between 4000 and 800 cm− 1. Each spectrum was obtained by averaging 256 scans recorded at a resolution of
2 cm− 1.

Organoleptic properties

The color, odor, taste, and texture of the samples were
analyzed in 0.1 g of CS and GlcN spread evenly over
nonporous white paper and visually compared to supplier specifications in concordance with standards concerning comparative observations with supplier
specifications as previously published [29].
Solubility

CS and GlcN samples (0.1 g) were weighed with the aid
of a metal spatula on an analytical balance (Gehaka®
model BG-1000) and transferred to a test tube previously identified with the names of samples and the solvents appropriated (distilled water or ethanol). The
GlcN sample was considered freely soluble when 0.1 g of
sample was added to 1 mL of water, following complete
dissolution. The reference for insolubility was 0.01 g of
GlcN added to 90 mL of ethanol for total dissolution.
Separately, a CS sample was considered soluble when
0.1 g was dissolved in 3 mL of water [29].
Apparent density

The apparent density is a direct relationship between the
mass of the sample and its specific volume measured in
a graduated cylinder, according to ANVISA specifications [30]. For both CS and GlcN, 5 g of the sample was
weighed and transferred to a graduated cylinder and
then immediately sealed. With standardized moves and
a fixed height, the powder was settled to remove the air
on a smooth surface until a constant volume was
achieved. Then, the final volume was noted. The reference density values are between 0.9332 and 0.70 g/mL
for CS and GlcN, respectively [31].
Determination of pH

We used a pH meter (Marconi®, PA 200 model) with a
CS aqueous solution at 1% (w/v) and GlcN 5% (w/v) at
laboratory temperatures approximating 25 °C. The pH
reference to CS was between 5.0 and 7.5, while that for
GlcN was between 3.5 and 5.0, according to the literature [31].
Fourier-transformed infrared (FT-IR) spectroscopy

For the FT-IR spectroscopy, 5 mg of CS and GlcN samples were weighed on an analytical balance (TE214s–
Sartorio®) and mixed with 95 mg of potassium bromide
(KBr–Sigma-Aldrich®–> 99%). Then, the samples were
pressed into KBr disks. All samples were analyzed by
transmission Fourier-transformed infrared spectroscopy
on a 640-IR FT-IR spectrometer (Varian–Agilent®). The
FT-IR measurements were recorded at frequencies

Statistical analyses

The homogeneity of variance between the sample groups
was tested by Levene’s test. The adherence of the data to
the normal curve was tested using the KolmogorovSmirnov and Shapiro-Wilk tests. The variables were
both parametric and non-parametric distributions and
presented as mean ± standard deviation (SD) of three independent experiments (n = 3) in duplicate. For comparison between groups (Pharmacy, S1 and S2) we used
a one-way analysis of variance (ANOVA) for betweengroup comparisons followed by a Tukey’s post hoc test
for multiple comparisons. To determine the correlation
of variables between the pharmacy and suppliers, we
used the intraclass correlation coefficient (ICC) and considered excellent agreement values to be those between
0.80 and 1.0, moderate agreement values to be those between 0.60 and 0.79, and low agreement values to be
those less than 0.60. Additionally, a Bland-Altman analysis was conducted. For the nonparametric results, we
used the Mann-Whitney test. For statistical analyses, we
used the software SPSS 20.0 for Windows (SPSS Inc.,
Chicago, IL) or GraphPad Prism 6.0 (GraphPad Software, Inc., La Jolla, CA). Values of p < 0.05 were considered to be statistically significant.

Results
Physicochemical properties of CS and GlcN

The organoleptic properties obtained from pharmacy
analyses of CS showed white powder and odor characteristics, while GlnN was an almost white powder in all
samples. All CS samples were soluble in water, while
GlcN samples were soluble in water and practically insoluble in alcohol (Table 1).
The data regarding the density and pH of both raw
materials are shown in Fig. 1. The pH of CS samples did
not show a difference between the suppliers and pharmacy (Fig. 1a), but the GlcN samples were different between S1 and S2 (Fig. 1b). There was a significant
difference between the density values of CS samples between the suppliers and pharmacy (Fig. 1c), while there
was a difference between the GlcN samples of the suppliers and the data obtained from the pharmacy and S1
and S2 (Fig. 1d). Additionally, for the pH of CS, the ICC
values were 0.525 for S1 and − 0.474 for S2, while for
GlcN, the samples were 0.480 and 0.845, respectively.
The ICC values for the density of CS samples were 0.998
for both suppliers while the values for GlcN samples
were − 0.064 and 0.134 for S1 and S2, respectively.
The Bland-Altman analysis was employed to compare
the pH and density data of CS and GlcN samples
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Table 1 Organoleptic properties and solubility of chondroitin sulfate (CS) and glucosamine sulfate (GlcN). The data represent the
qualitative analysis obtained from pharmacy and technical specifications provided by the suppliers (S1 and S2). All methods of
performing these analyses were carried out according to the Brazilian pharmacopeia specifications and analytical data from postmarketing [25] and recognized by the Brazilian Health Regulatory Agency (ANVISA), responsible for pharmaceutical product
regulation in Brazil [20]
Samples
CS

GlcN

Pharmacy (S1 samples) Pharmacy (S2 samples) Supplier 1 (S1)

Supplier 2 (S1)

Control quality

Control quality

Organoleptic
characteristics

White powder;
characteristic odor

White powder;
characteristic odor

Fine white amorphous powder,
cream or ivory; characteristic
odor

Powder cream to nearly white
amorphous thin ivory, moderately
hygroscopic

Solubility

Water-soluble

Water-soluble

Water-soluble

Water-soluble

Organoleptic
characteristics

Almost white powder

Almost white powder

White crystalline powder

Cream-colored powder almost white

Solubility

Soluble in water and
practically insoluble in
alcohol

Soluble in water and
practically insoluble in
alcohol

Easily soluble in water and
practically insoluble in ethanol

Soluble in water and practically
insoluble in acetone, alcohol, and
isopropyl alcohol

obtained by the pharmacy and provided by S1 and S2.
For the pH of CS samples, our data demonstrated concordance with values near and along with the mean of
the differences for S1 (Fig. 2a) and S2 (Fig. 2b). Something similar occurred for density testing, with the values
being in the range of 95% for S1 (Fig. 2c), while S2
underestimated the density compared to the pharmacy
(Fig. 2d). In the GlcN samples, we showed that both
suppliers overestimated (Fig. 3a) and underestimated
(Fig. 3b) the actual pH value, while the stated pH value

for the pharmacy sample was accurate. The density analyses were overestimated in S1 (Fig. 3c) and underestimated in S2 (Fig. 3d) relative to the accuracy of the
stated values and the sample obtained by the pharmacy.

Characterization of CS and GlcN by FT-IR

The FT-IR spectra analysis showed the presence of characteristic peaks for CS (Fig. 4) and GlcN (Fig. 5) for both
suppliers. Additionally, the absence of exogenous

Fig. 1 Physicochemical properties of chondroitin sulfate (CS) and glucosamine sulfate potassium chloride (GlcN) samples provided by suppliers
(S1 and S2) and obtained from the pharmacy. Comparative analyses of pH values for CS (a) and GlcN (b) samples. Comparative analyses of
apparent density values for CS (c) and GlcN (d) samples. Values are expressed as mean ± standard deviation and analyzed by one-way ANOVA
followed by Tukey’s post-test. *p < 0.05 between S1 and S2; ap < 0.05 in relation to S1; bp < 0.05 when compared to S2. S1, supplier 1; S2,
supplier 2; Ph (S1), pharmacy analyses from supplier 1 samples; Ph (S2), pharmacy analyses from supplier 2 samples
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Fig. 2 Bland-Altman analysis of the pH and density for the chondroitin sulfate (CS) samples of S1 and S2 vs. pharmacy. Analyses of pH values for
S1 (a) and S2 (b). Analyses of density values for S1 (c) and S2 (d). S1, supplier 1; S2, supplier 2; Ph (S1), pharmacy analyses from supplier 1
samples; Ph (S2), pharmacy analyses from supplier 2 samples

Fig. 3 Bland-Altman analysis of the pH and density for the glucosamine sulfate potassium chloride (GlcN) samples of S1 and S2 vs. pharmacy.
Analyses of pH values for S1 (a) and S2 (b). Analyses of density values for S1 (c) and S2 (d). S1, supplier 1; S2, supplier 2; Ph (S1), pharmacy
analyses from supplier 1 samples; Ph (S2), pharmacy analyses from supplier 2 samples
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Fig. 4 FT-IR spectra of chondroitin sulfate (CS) samples of the suppliers. a Spectra of all samples analyzed from supplier 1 (S1), and the red line
represents the average curve. b Spectra of all samples analyzed from supplier 2 (S2), and the red line represents the average curve. c Comparative
analyses of peak areas of different bands of CS samples between the suppliers. Bands related to OH (> 2000 cm− 1), sulfonate (1350 cm− 1), S=O
(1250 cm− 1), and C–O–S (850 cm− 1) stretching were selected. The statistical analyses were performed using the Mann-Whitney test. Values are
expressed as mean ± SD (p < 0.05)

Fig. 5 FT-IR spectra of glucosamine sulfate potassium chloride (GlcN) samples of the suppliers. a Spectra of all samples analyzed from supplier 1
(S1), and the red line represents the average curve. b Spectra of all samples analyzed from supplier 2 (S2), and the red line represents the average
curve. c Comparative analyses of peak areas of different bands of GlcN samples between the suppliers. Bands related to OH (> 3000 cm− 1), the
amine group on each ring structure (1500–1700 cm− 1), S=O (1230 cm− 1), and C–O (1200–1000 cm− 1) stretching were selected. The statistical
analyses were performed using the Mann-Whitney test. Values are expressed as mean ± SD (p < 0.05)
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functional groups suggests that the compounds are pure,
though there were variations in the bands’ intensity in
samples from the same supplier.
CS samples from S1 demonstrated good reproducibility, with only one sample exceeding the average intensity
(Fig. 4a); the samples from S2 showed no homogeneous
distribution around the mean (Fig. 4b). Comparative
analyses of peak areas of different bands of CS samples
between the suppliers are shown in Fig. 4c. In the CS
spectra, the region above 2000 cm− 1 was dominated by
the OH stretching vibration. The band at 1350 cm− 1
was due to the sulfate. The band at 1250 cm− 1 has been
assigned to S=O. The peak at 850 cm− 1 was due to the
C–O–S vibration. Additionally, the peak areas of OH,
sulfate, S=O, and C–O–S bands of S1 samples were statistically smaller than those of the S2 samples (Fig. 4c).
The GlcN spectra are similar to those of glucose, as
they share very similar structures and do not contain
chemical contaminants, though some exceptions were
identified due to the presence of the sulfate and amine
functional groups. The GlcN samples from S1 present
large variations (Fig. 5a), while the sample from S2
shows a homogeneous distribution around the mean
(Fig. 5b). The identified peaks were N–H band above
3000 cm− 1; several peaks between 1500 and 1700 cm− 1
that were due to the amine group on each ring structure;
an S=O band seen at around 1230 cm− 1; and a C–O
band between 1200 and 1000 cm− 1 (Fig. 5c). In addition,
the bands intensities of N–H, amine group, and C–O
bands were different between suppliers (Fig. 5c).

Discussion
In the present study, we demonstrated that organoleptic
properties, solubility, pH, and density of CS and GlcN
samples, two raw materials obtained from two different
Brazilian pharmaceutical companies, are in accordance
with the standards required by ANVISA, responsible for
pharmaceutical product regulation in Brazil [20]. Despite
this, the pH and density values of both samples were different between the suppliers and opened the possibility
that parameters required by the ANVISA cannot be sufficient to assess the appropriate quality control of raw
materials. Indeed, FT-IR analyses indicated that there is
non-homogeneity in the CS and GlcN samples tested,
indicating that both manufacturers distribute the drugs
in different concentrations which could compromise the
quality and therapeutic efficiency of the pharmaceutical
formulation used for osteoarthritis treatment. These formulations are prepared in pharmacies authorized by the
Health Surveillance secretariats, which can be either
state or municipal, according to ANVISA Directors’ Collegiate Resolution (RDC) 67/2007 [26], updated by RDC
44/2009 [32] and RDC 41/2012 [33], which define the
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Good Manufacturing Practices (GMP) for compounded
medicines for human use in pharmacies.
Quality control encompasses a group of measurements
intended to ensure the production of numerous medicines and other products that meet the standards of
identity, activity, content, purity, effectiveness, and safety
[25]. The specifications and quality tests for pharmaceutical raw materials and formulations are described in detail in pharmacopeia monographs, including average
weight, weight uniformity, hardness, disintegration time,
dissolution, and dose uniformity [25, 34]. All raw materials are submitted to organoleptic evaluations, solubility,
pH, melting point, and density, according to the Brazilian pharmacopeial specifications [25]. In the present
study, the organoleptic properties and solubility of CS
and GlcN samples obtained from pharmacy analyses and
the supplier’s specifications are in accordance with the
standards required by ANVISA [18, 21, 24, 25, 29, 30].
CS and GlcN are available as pharmaceutical-grade
products, and the latter have great variations in preparation, composition, purity, and effects [1, 12, 35]. Some
products contain a negligible amount of CS; among samples with reasonable amounts, in vitro testing showed
widely varying effects [11, 36, 37]. This could be related
to contaminants, which depend on the origin, production, and purification process [11, 38]. In our study, the
comparative analyses of the physicochemical parameters
of CS and GlcN between pharmacy tests and technical
specifications provided by two Brazilian suppliers
showed that the pH and density values are statistically
different, although they agree with the standards required by ANVISA [18, 21, 24, 25, 29, 30]. In addition,
while the values are under the standards required by
ANVISA, ICC analyses for pH and density values demonstrated a low correlation between the data obtained
from the pharmacy and the specification report provided
by the manufacturer.
The CS density presents excellent concordance; however, the GlcN density showed low reproducibility for
the two suppliers in the Bland-Altman analyses. The
agreement values for different suppliers in terms of pH
and density for S1 remained along and near the mean
differences for CS, which are important values for the
agreement parameter. For the GlcN samples, the agreement values sometimes either underestimated or overestimated values relative to pharmacy estimates. However,
it is understood that more tests would be required to approve or disapprove the raw material, as there was no
satisfactory agreement with the methods used, considering the range between the limits of agreement. It is
worth mentioning that the values found in the tests are
in the range required for each raw material according to
Martindale and Parfitt [31] and the GMP of RDCs [26,
32, 33].
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It is important to say that the margin between the
minimum and maximum values of the physicochemical
parameters required by ANVISA [26] is very large,
which may compromise the quality of the product,
change the concentration of the active ingredient in
these formulations, and, consequently, reduce the therapeutic efficacy of pharmaceutical compounding. In fact,
in our study, FT-IR analyses indicated non-homogeneity
in the CS and GlcN samples between S1 and S2, showing that both manufacturers distribute the drugs in different concentrations, although both declare the same
concentration in the product technical specifications.
The purity of raw materials was evaluated by FT-IR,
which identified only functional groups attached to molecules of CS and GlcN, according to the literature [39–
42]. Analyses of peak areas of different bands of CS samples showed that region spectra above 2000 cm− 1 were
dominated by the OH stretching vibration [41]. The
band at 1350 cm− 1 was due to the sulfate. The band at
1250 cm− 1 has been assigned to S=O corresponding to
the band assignment by Cabassi et al. [39]. The peak at
850 cm− 1 was due to the C–O–S vibration according to
Honda et al. [40]. The spectrum of GlcN is similar to
that of glucose, as they share very similar structures [41]
and it was possible to identify the N–H band above the
3000 cm− 1, amine group between 1500 and 1700 cm− 1,
S=O band around 1230 cm− 1, and C–O band between
1200 and 1000 cm− 1.
Although the raw materials meet the current legislation regarding the physicochemical parameters in Brazil,
the vibrational analysis of bands from CS and GlcN revealed that the samples have different intensities in the
absorption peaks. In CS, the N–H, amine group, on each
ring structure and C–O bands were different between
suppliers. Similarly, the peak areas of OH, sulfate, S=O,
and C–O–S bands of GlcN samples were also different.
The decrease in radiant energy detected when a beam of
radiation passes through a material medium is proportional to the beam power and quantity of a radiationabsorbing substance found in its path through the
medium, according to Beer’s law [43]. Therefore, a correlation can be made between the intensity of the peaks
and the concentration of the substance by calculating
the area of the peak. Thus, our data indicated nonhomogeneity in the concentration of the CS and GlcN
samples from the same supplier as well as between S1
and S2, suggesting that both are distributing the
pharmaceutical form in different concentrations, although both declare the same concentration in the product technical specifications. Additionally, these
differences in the concentration of drugs could explain
the large variation of the physicochemical data obtained
between the pharmacy and the technical specifications
of suppliers.
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The implantation of RDC 67/2007 [26] was considered
a great advance in Brazil, though we believe that the
strategies adopted for the assessment of drug quality
should be more accurate because, as shown in our study,
attending to physicochemical standards is not sufficient
to guarantee the quality and reproducibility of the production of pharmaceutical compounding and can negatively impact the quality of these products.

Conclusion
In our study, commercial samples of CS and GlcN, two
raw materials widely used in pharmaceutical formulations for osteoarthritis treatment, obtained from two different suppliers are non-homogenous according to FTIR spectroscopy, physicochemical and biochemical analyses, suggesting that both can be distributed as the
pharmaceutical form in different concentrations.
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