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Abstract: Giardia intestinalis (syn. G. lamblia, G. duodenalis) is a protozoa parasite that produces one of
the most frequent waterborne causes of diarrhea worldwide. This protozoan infects most mammals,
including humans, and colonizes the small intestine, adhering to intestinal cells. The mechanism by
which G. intestinalis causes diarrhea is multifactorial, causing intestinal malabsorption. The treatment
of giardiasis uses chemotherapeutic drugs such as nitroimidazoles, furazolidone, paromomycin, and
benzimidazole compounds. However, they are toxic, refractory, and may generate resistance. To
increase efficacy, a current treatment strategy is to combine these drugs with other compounds, such
as polysaccharides. Several studies have shown that polysaccharides have gastroprotective effects.
Polysaccharides are high-molecular weight polymers, and they differ in structure and functions, being
widely extracted from vegetables and fruits. In the present study, we show that polysaccharides found
in chamomile tea (called MRW), in contact with antiparasitic agents, potentially inhibit the adhesion
of parasites to intestinal cells. Moreover, at 500 µg/mL, they act synergistically with nitazoxanide
(NTZ), increasing its effectiveness and decreasing the drug dose needed for giardiasis treatment.

Keywords: chamomile tea; polysaccharides; Giardia intestinalis; antiparasitic drugs; alternative
treatment; synergism

1. Introduction

Giardia intestinalis (syn. G. lamblia, G. duodenalis) is a protozoa parasite that produces
one of the most frequent waterborne causes of diarrhea worldwide [1]. G. intestinalis
produces self-limiting diarrhea, occurring mainly in endemic places with basic sanita-
tion problems, which increases the chances of reinfection. The treatment for giardiasis
is conducted with several drugs, with differences in efficacy and, in some cases, with
resistance, which has been reported in chronic patients [2]. The most used compounds are
derivatives of 5-nitroimidazoles (5-NIs) and benzimidazoles (BIs), quinacrine, furazolidone,
paromomycin, and nitazoxanide [3]. These agents have distinct modes of action, and
involve a variety of labeling and processing mechanisms that affect trophozoite cellular
processes [2]. Paromomycin and quinacrine are eventually used to treat giardiasis, but they
have limitations due to low efficacy and high toxicity. The effectiveness of treatment with
metronidazole ranges from 73 to 100%, and from 79 to 100% for albendazole [4,5]. However,
these agents are often associated with adverse side effects and therapeutic failures, more
frequently due to poor adherence to treatment chemotherapy, immunosuppression, im-
mune deficiency, reinfection, or drug resistance to metronidazole-related compounds [3,6,7].
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Therefore, there is a growing interest in finding new strategies and compounds against
Giardia that are non-toxic and do not cause parasite resistance [8].

Nitazoxanide (NTZ) is a derivative of a nitrothiazolyl-salicylamide broad-spectrum
antiparasitic agent known to be effective in the treatment of protozoal and helminthic
intestinal infections. In vitro studies have shown that NTZ inhibits pyruvate ferredoxine
oxidoreductase (PFOR), an essential enzyme in the anaerobic metabolism of the para-
site [9–11]. Cedillo-Rivera et al (2002) [12] demonstrated the greater efficacy of NTZ than
metronidazole against G. intestinalis. In addition to being more effective, the treatment
non-toxic and produces fewer side effects; thus, NTZ is an alternative drug for the treatment
of infectious diarrhea [13].

An alternative strategy to increase the treatment efficacy is the search for natural prod-
ucts, polymers, or macromolecules, such as polysaccharides, that could have synergistic
effects on the treatment of parasitosis [14].

Polysaccharides are high-molecular weight polymers, consisting of at least ten monosac-
charides joined by glycosidic linkages. Polysaccharides isolated from natural resources
have shown pharmacological activities, such as anti-inflammatory, antitumor, immunomod-
ulator, antioxidant, sedative, and anxiolytic-like effects [15–19].

Some authors have already demonstrated the synergistic effect of polysaccharides with
drugs as a new alternative strategy against other infectious agents. Lo et al. [20], demon-
strated that chitosan, in combination with fluconazole, showed a great synergistic fungicidal
effect against C. albicans and C. tropicalis. In the study published by Ganan et al. [21], it
was shown that oligomers of chitosan, known as chito-oligosaccharides, combined with
commercial antifungals, were capable of inhibiting yeast strains.

Previously, we have chemically characterized polysaccharides from Chamomilla or
Matricaria recutita [L.] Rauschert tea, commonly known as German chamomile [22]. It is
consumed as an infusion (tea) due to its gastrointestinal effects, and is also considered an
anti-inflammatory medicine [23,24]. The polysaccharides found in chamomile tea (called
MRW) are composed mainly of a mixture of inulin-type fructan and highly methyl esterified
and acetylated homogalacturonan (degree of methylesterification of 87% and degree of
acetylation of 19%), with small amounts of type II arabinogalactan and an acid xylan [22].

In the present study, we show that chamomile polysaccharides act synergistically
with nitazoxanide (NTZ), increasing its efficacy, and suggesting an alternative treatment of
the giardiasis.

2. Materials and Methods
2.1. Chamomile Tea Polysaccharides

Chamomile tea polysaccharides were extracted and chemically characterized by
Chaves et al. [22]. Briefly, the chamomile tea was prepared from the floral chapters by
infusion. The tea was filtered and concentrated under reduced pressure, and the polysac-
charides were precipitated with 95% ethanol (3 vol.). The polysaccharides were recovered
by filtration, dialyzed in a semipermeable membrane (Cellulose Spectrumlabs 6–8 kDa
cut-off), and freeze-dried, giving the MRW fraction (Matricaria recutita water extract) that
was used in the experiments in the present study.

2.2. G. intestinalis Isolates and Caco-2 Cell Culture

Isolate WB (ATCC 50803) was grown in TYI S-33 medium [25], and supplemented
with 10% heat inactivated adult bovine serum (ABS) with 1% penicillin/streptomycin
1000U (GibcoTM, Waltham, MA, USA) and 0.5 mg/mL bovine bile (Thermo FisherTM,
Waltham, MA, USA) at 37 ◦C under microaerophilic conditions. The cultures were main-
tained in polystyrene tubes (BD BiosciencesTM, San Jose, CA, USA) (13 mL until confluence
(1 × 106 cells/mL)) and subcultured thereafter, each for 72 h. Human colorectal adenocar-
cinoma cells, Caco-2 cells (ATCC CRL-2102), were cultured in RPMI-1640 supplemented
with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin 1000U (GibcoTM). Cells
were incubated at 37 ◦C in 5% CO2 until a confluent cell monolayer was reached. Caco-2
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Cells were utilized in experiments to analyze the adherence of Giardia to the cells in the
presence of anti-protozoan drugs and fraction MRW.

2.3. Trophozoites Growth Curves

We evaluated whether trophozoite growth was altered in the presence of the MRW
fraction. A 5 × 104 total inoculum was resuspended in TYI-S-33 medium (polystyrene
culture tubes), in the absence (CTL) or presence of MRW fraction extracted from chamomile
tea (250 or 500 µg/mL), and incubated at 37 ◦C for 72 h. We began the growth curve with
1.25 × 104/mL, and every 24 h, the tubes were cooled and aliquots of 10 µL were removed
from the culture tubes to count the trophozoites in a hemocytometer under an optical
microscope.

2.4. Cell Viability

Caco-2 cells were seeded in 24-well plates at a density of 1 × 105 cells per well, and
incubated for 24 h. Then, the cells were exposed to 250 or 500 µg/mL of MRW fraction
for 24 h. After the exposure time, the cells were washed 2 times with RPMI. The viability
index was calculated as the ratio of living cells to the total number of cells. Dead cells
were detected by trypan blue dye staining counted in a microscope. The analyses were
performed in triplicate. The percentage of viable (unstained) and non-viable (stained in
blue) cells was calculated according to the following equation:

Viable cells = (Total viable cells/Total cells counted) × 100

2.5. In Vitro Cytotoxic Effect

The active compound (NTZ) was evaluated for its toxicity against mammalian Caco-2
cells, showing an CC50 of 227.5 µM. The selectivity index (SI) of the compound, defined
as the ratio of cyto-toxicity to biological activity (SI = CC50 VERO cells/IC50 parasites)
was calculated. It is generally considered that biological efficacy is not due to in vitro
cytotoxicity when SI ≥ 10 [26].

2.6. Adhesion Assay of Parasite in the Presence of MRW Fraction

We seeded 1 × 105 Caco-2 intestinal cells in 24 well plate at 37 ◦C, and they were
incubated until reaching confluence. Then, cells were incubated in the absence (CTL) or
presence of MRW fraction extracted from chamomile tea, at 125, 250, or 500 µg/mL for 1 h
at 37 ◦C. Then, 5 × 105 trophozoites of Giardia intestinalis were added and incubated for
1 h at 37 ◦C to assess whether the polysaccharides could alter the ability of parasites to
bind to the cells following the procedure adapted from Evans-Osses et al. [27]. After the
incubation period (1 h), the adhesion was estimated by counting non-adherent parasites in
a Neubauer chamber in the supernatant, and this number was subtracted from the total
number of inoculated parasites.

2.7. Synergism between Antiprotozoal Drugs and MRW Fraction

The trophozoites 5 × 105 (cultured under axenic conditions) were added into 5 mL
tubes containing TYI-S-33 medium, supplemented with ABS and an antibiotic (peni-
cillin/streptomycin 1000U). Trophozoites were maintained in the presence of 250 or
500 µg/mL of MRW and/or NTZ + polysaccharide, following the procedure adapted
from Velázquez-Olvera et al. [14]. The chamomile and NTZ structures were defined pre-
viously by [22,28]). Cultures were incubated for 48 h at 37 ◦C, and every 24 h, 10 µL was
taken to count the trophozoites. All assays were performed in triplicate, with the medium,
Giardia, and nitazoxanide as controls.

2.8. G. intestinalis Trophozoite Recovery Assay

G. intestinalis trophozoites (approximately 1–8 × 105) from the assay described above
(after 48 h) were resuspended in new TYI-S-33 culture medium, then supplemented with
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ABS and antibiotic in 5 mL tubes following the procedure adapted from Abraham et al. [29].
A growth curve was restarted by incubating the tubes at 37 ◦C. The assay was followed for
72 h and quantified every 24 h using a hemocytometer.

2.9. Statistical Analysis

Statistical analysis of the data was performed with GraphPad Prism 6 Software using
the one or two-way ANOVA test. Values are represented as means ± standard errors of
the means (SEM), acquired in biological triplicates. The normality of the data was assessed
prior to analysis. p < 0.05 was defined as statistically significant.

3. Results

Natural products extracted from plants represent a therapeutic alternative, often
used to reduce the toxicity of drugs and increase their efficacy. Conventional treatments
of giardiasis have proved to be toxic, producing heterogeneous responses and parasite
resistance. Our first assay was to incubate Caco-2 intestinal cells with 250 µg/mL MRW
fraction extracted from chamomile tea, and then to add trophozoite forms of G. intestinalis in
order to assess whether the polysaccharides could alter the ability of parasites to bind to the
cells. Figure 1A shows a preliminary assay, where chamomile tea polysaccharides (fraction
MRW) inhibited the adhesion of Giardia to intestinal cells. Further, we investigated whether
the polysaccharides could have a dose-dependent effect of MRW fraction on the ability of
Giardia to adhere to Caco-2 cells. As can be seen in Figure 1B, only the concentration of
250 µg/mL inhibited the trophozoite adhesion to intestinal cells, as shown in Figure 1A. In
both results, there was no significant difference between the control and the presence of the
MRW fraction. Moreover, during that time, the cells’ viability was unchanged.
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Figure 1. Adhesion assay of parasites in the presence of MRW fraction. (A) Number of trophozoites
present in supernatant of Caco-2 cells after incubation with 250 µg/mL MRW fraction after 1 h.
(B) Quantification of trophozoites in Caco-2 cell supernatant after incubation with MRW fraction.
Total non-adherent parasites in Caco-2 cells infected with G. intestinalis, in the absence (CTL) and
post-treatment of 125, 250, and 500 µg/mL MRW. There is no difference in the comparison of statistical
significance.

Subsequently, we decided to evaluate whether the chamomile polysaccharides could
be altering the proliferation of the parasites. For this reason, we began a growth curve of
the parasites in the presence of different concentrations of MRW fraction. For up to 48 h, no
effect was seen at either tested concentration (250 and 500 µg/mL). However, at 72 h, we
observed a lower growth rate of the parasites incubated with polysaccharides in relation
to the control (Figure 2A). Then, the effect of MRW on the viability of intestinal Caco-2
cells was investigated (Figure 2B). Results showed that none of the MRW concentrations
significantly altered the viability of these cells (Figure 2B).
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Figure 2. Effects of polysaccharides on parasites and cells. (A) Growth curve of the G. intestinalis
culture after 72 h of incubation with 250 or 500 µg/mL MRW fraction. (B) Viability of Caco-2 cells
after incubation with the MRW fraction for 72 h. *** Statistically different from control (p < 0.009).

An alternative to increase the efficacy of anti-Giardia drugs is synergism. We performed
tests with NTZ to evaluate its inhibition effect against G. intestinalis, either in vitro alone
or in combination with MRW. The results showed an inhibition of parasite growth when
treated with 1.5 µM of NTZ in the presence of 500 µg/mL of MRW fraction, and an
increase of at least five times in the treatment effectiveness when compared with NTZ
alone, indicating a synergistic effect between the compounds at 48 h (Figure 3A). These
results, as well as the selectivity data of the drug (SI ≥ 250—not shown) reinforced the need
to test lower concentrations of NTZ that could demonstrate the synergistic effect of the
treatment. However, no major synergistic effects were observed at concentrations below
1.5 µM (not shown).
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Figure 3. In vitro synergistic effects between NTZ and MRW fraction against G. intestinalis.
(A) In vitro synergistic effects between NTZ and 500 µg/mL MRW fraction in 48 h. (B) Reestab-
lishment of the parasite growth curve after synergism assay with NTZ and 500 µg/mL MRW fraction.
** Statistically different from control (p < 0.001). *** Statistical significance from 1.5 µM NTZ and
MRW (p < 0.001).

Due to the presence of resistance, which can make infections chronic, an important
parameter is to evaluate the ability of the parasite to recover after being incubated with the
combination of drugs and polysaccharides. Figure 3B shows that parasites incubated with
1.5 µM of NTZ seemed to recover their growth curve, while parasites that were incubated
with the same concentration of the drug and the MRW fraction showed a curve lower than
the negative control (no drug) and the drug alone. Taken together, these results suggest
that NTZ plus MRW should be used as a new strategy for the treatment of giardiasis, since
some concentrations of the antiparasitic, when combined with the fraction MRW, are able
to reduce the recovery of the parasites’ culture.
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4. Discussion

Giardiasis is one of the most common parasitic diarrheal diseases worldwide, affecting
thousands of people. Several drugs are available for the treatment of this parasitosis,
but unfortunately, all of them have variable efficacy and adverse effects, probably due
to inadequate doses or poor adherence to treatment, immunosuppression, reinfection,
or drug resistance [3]. The toxicity of treatment-refractory drugs and the occurrence
of metronidazole-resistant G. intestinalis have motivated the search for other drugs as
alternatives. The NTZ emerged as an alternative, as did the combination of treatments
with drugs and other components to decrease toxicity and increase efficacy [2]. Given the
above, therapeutic alternatives have become very attractive, such as the search for natural
products, polymers, or macromolecules such as polysaccharides that could have synergistic
effects in the treatment of giardiasis.

We conducted our study using polysaccharides extracted from chamomile tea (Chamomilla
recutita). Chamomile tea belongs to an important group of cultivated medicinal plants, often
referred to as the “star among medicinal species”. More than 120 chemical constituents
have been identified in chamomile as secondary metabolites, which gives chamomile
tea its multi-therapeutic, cosmetic, and nutritional values, which have been established
through years of traditional and scientific use and research [30]. The presence of inulin,
FOS, highly methyl-esterified homogalacturonan, type II arabinogalactan, and acidic xylan
in chamomile tea shows that secondary metabolites may be the molecules responsible for
the health benefits of its consumption, and also adds a new property to chamomile as a
source of structurally diverse dietary fiber with potential prebiotic, gastrointestinal, and
immunological functions.

In our trials, we evaluated the effect of the recently described MRW fraction from
chamomile tea in the adhesion of parasites and synergism (combination of MRW with
NTZ). We have demonstrated that the presence of MRW inhibited the adhesion of Giardia to
intestinal cells. Furthermore, the concentration of 1.5 µM NTZ, combined with 500 µg/mL
MRW polysaccharide, was able to potentiate anti-giardia activity. It was demonstrated that
addition of MRW fraction to 1.5 µM NTZ reduced the growth of parasites by nearly five
times when compared to NTZ alone. We have also demonstrated that Giardia presented a
lower growth curve recovery when compared with parasites that were not incubated with
MRW. However, the mechanisms of action of MRW fraction against G. intestinalis have not
been identified. The MRW fraction is mainly composed of inulin and pectic polysaccharides
(homogalacturonan domain), with small amounts of type II arabinogalactan and acid xylan.

The effects of inulin supplementation in a model of malnourished murine giardiasis
have already been reported by Shukla et al. [31]. It was observed that inulin supplementa-
tion either prior (7 days) or simultaneously (9 days) with Giardia infection in malnourished
mice significantly reduced the severity of giardiasis and increased the body and small in-
testine mass, along with increased lactobacilli counts in feces compared with malnourished
Giardia-infected mice. Inulin modulated the immune response (increased anti-giardial IgA
and IgG, IL-6, IL-10, and nitric oxide levels, and decreased TNF-α levels) and restored the
gut morphology. Recently, the combination of inulin with probiotics or probiotics + NTZ
were also tested as prophylactic (7 days prior to the infection) and therapeutic agents (at
22 days) against giardiasis in a murine model [32]. There was a significant reduction in Giar-
dia cyst shedding and a remarkable improvement of histopathological findings in the small
intestine, with a reduction in caspase-3 apoptotic activity and an increase in IL-6 levels,
especially after the addition of combined treatment (inulin + probiotics + NTZ). In these
studies, it seems that inulin exerts its anti-infective activity indirectly, by stimulating the
composition and/or activity of the gut microbiota (microbiota-dependent mechanisms),
which may cause a broad array of effects that confer higher colonization resistance on the
host. However, complex polysaccharides/prebiotics may also have anti-infective activi-
ties against bacteria, protozoa, and viruses by interaction with the immune system of the
host or with the pathogens themselves (microbiota-independent mechanisms) [33]. In the
latter case, mechanisms include the blocking of pathogen adhesion sites in the gut; since
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prebiotics also have a carbohydrate structure, they could act as soluble receptor analogues,
thereby disrupting the microbial lectin–host receptor interactions and dislodging the adher-
ent pathogen from the gut without it infecting the host [34,35]. The anti-adhesive properties
of probiotics must be demonstrated, and there are several possible blocking mechanisms
which have been reviewed by Shoaf-Sweeney and Hutkins [35].

Sousa et al. [36] verified that the attachment of Giardia trophozoites to Int-407 human
intestinal cells may be mediated by a combination of a specific recognition of host cells by
surface lectins and mechanical/hydrodynamic forces. Thus, the action of polysaccharides
present in the MRW fraction by this mechanism cannot be ruled out, and should be further
investigated. Jantscher-Krenn et al. [37] observed that human milk oligosaccharides (HMO)
and galactooligosaccharides inhibited the attachment and cytotoxicity of the protozoan
Entamoeba histolytica to enteric cell layers (HT-29 cells) in vitro, in a dose-dependent manner.
This study was structure-specific, since a free terminal Gal was necessary for the activity.
Thus, the authors speculated that HMO may bind to Gal/GalNAc lectin on the surface of
E. histolytica trophozoites. Interestingly, the authors commented that HMO did not affect
attachment or viability of Giardia. It is important to point out that HMO has a different
chemical structure when compared with polysaccharides present in the MRW fraction.

Several other prebiotics with the ability to inhibit the adhesion of different bacteria,
viruses, and parasites to epithelial cells (Caco-2, T84, HT-29, etc.) in vitro were summa-
rized by Azagra-Boronat et al. [33]. Pectic oligosaccharides inhibited the adhesion of
pathogenic Escherichia coli strains to human intestinal HT-29 cells in vitro [38], while an
acidic homogalacturonan-rich structure in carrot water-soluble pectin was reported to block
adhesion of pathogenic E. coli to uroepithelial cells [39]. Receptor mimicry is unlikely to
be the mechanism behind the antiadhesive effect, and further investigation is needed to
answer this question [40]. Another suggested mechanism by which prebiotics may alter
the adhesive potential is by downregulating the expression of adhesion-related genes, as
observed in the case of Listeria monocytogenes [41,42]. Thus, both inulin and pectic polysac-
charides present in the MRW fraction may be responsible for the antiparasitic activity,
probably acting via diverse mechanisms which are not yet fully understood.

Finally, our data reinforce the importance of carrying out other trials to explore a
possible clinical application that would allow for the use of a lower dose of NTZ combined
with polysaccharides, which, consequently, would lead to fewer undesirable side effects. In
addition to these, we intend to investigate the role of the MRW fraction and its antiparasitic
effect in vivo, as well as to follow the interactions of the compounds in Giardia metabolism.

5. Conclusions

Our data demonstrated that the combination of MRW fraction with antiparasitic agents
such as NTZ potentially inhibits the adhesion of parasites to intestinal cells. This treatment
also decreases the reestablishment of new cultures, suggesting the use of polysaccharides as
a treatment alternative. Moreover, this study adds another important aspect to chamomile
with regard to its therapeutic properties, making the treatment for G. intestinalis less toxic
and more effective.
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