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Abstract Yerba mate (Ilex paraguariensis) is a xanthine-
containing beverage, which is also rich in caffeine.
Because caffeine has a negative impact on bone mineral
density (BMD) mainly associated with low calcium (Ca)
diets, there would be expected a negative effect of yerba
mate on bone. In this study, Sprague-Dawley rats were
used and randomly assigned into four groups (n =
6/group): Control + Ca 0.2 g %; Control + Ca 0.9 g %;
Yerba + Ca 0.2 g %; Yerba 4+ Ca 0.9 g %. At the end of
the experiment, tibias and femurs were obtained for BMD,
morphometric, histomorphometric, and biomechanical
analyses. While there was no difference in bone parameters
between rats with and without yerba mate consumption, a
negative effect of low Ca diet was observed in BMD,
morphometric, histomorphometric, and biomechanical
results. Interaction between Ca content in the diet and
yerba mate was only found in trabecular bone volume,
which would indicate that the negative effect of low Ca
intake on bone volume is reversed in part by yerba mate
infusion. However, yerba mate was not able to reverse the
negative effect of low Ca content on biomechanical prop-
erties and trabecular connectivity. In summary, at least in
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our study, yerba mate would not have a negative effect on
bone and would be safe for the bone health of consumers.

Keywords Ilex paraguariensis - Yerba mate - Bone

Introduction

Yerba mate (llex paraguariensis) is a xanthine-containing
beverage which is very popular in South America. The
highest consumption occurs in Uruguay (6-8 kg/person/
year) and Argentina (5 kg/person/year) [1]. It is prepared
with the dried, ground leaves and twigs of the shrub llex
paraguariensis. lIlex paraguariensis extracts contain
methyl xanthines, flavonoids, vitamin A, C, and B com-
plexes, tannis, chlorogenic acid, quercetin, and rutin,
among other compounds, which exert different pharma-
cological actions [1]. Thus, a hypolipidemic action,
decreasing triglycerides, and total and LDL-cholesterol
were observed in hypercholesterolemic rat [2], as well as
an improvement on lipid profile in dyslipidemic patients
[3]. Furthermore, an anti-obesity effect was demonstrated
in mice fed with lipid-enriched diets together with yerba
mate [4, 5]. Additional studies showed that yerba mate
exerts anti-inflammatory and immunomodulatory effects
by inhibiting proinflammatory factors [6-8] and also
exhibits antifungal properties [9]. Moreover, provascular
and angiogenic properties have been described [10].

It has been reported that caffeine consumption has a
negative impact on bone mineral density (BMD) with
accelerated bone loss [11] and increased risk of fractures
[12], mainly when it is associated with low calcium diets
[11, 13, 14]. A meta-analysis of ten prospective studies
which collectively included more than 200,000 partici-
pants, indicated that coffee consumption is slightly but

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00223-015-0043-0&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00223-015-0043-0&amp;domain=pdf

L. R. Brun et al.: Effects of Yerba Mate (Ilex paraguariensis) on Histomorphometry...

significantly associated to increased risk of fractures,
especially in women, in a dose-dependent manner [15].
This negative effect was also observed in experimental
animals [16, 17]. Caffeine administration enhanced osteo-
clastogenesis from bone marrow hematopoietic cells and
bone resorption activity in vivo [18]. Moreover, caffeine
enhanced the expression of the receptor activator of NF-kB
ligand (RANKL) and reduced osteoprotegerin protein
levels in MC3T3-E1 osteoblastic cells [18].

Because caffeine has a negative impact on BMD and
increases fracture risk, it should be expected that yerba
mate consumption is associated with a negative effect on
bone due to its caffeine content. Although the concentra-
tion of caffeine in yerba mate infusion is low
(330480 mg/l) compared with coffee (average 600 mg/l),
in Argentina, the 50 % of caffeine consumption in adults is
from yerba mate infusion, followed by coffee (36 %),
because the total caffeine intake depends not just on the
concentration of caffeine but also on the ingested volume
of each beverages [1, 19]. As a result, the mean caffeine
intake for adults in Argentina is 288 mg/day; and it was
shown to be higher in comparison with data reported for
other countries such as USA, UK and Brazil [19].

In spite of the potential negative effect of yerba mate on
bone mass based on the caffeine content, a recent publi-
cation showed 9.7 % higher lumbar spine BMD in post-
menopausal women who drank at least 1 liter/day of yerba
mate infusion versus controls who did not drink yerba mate
infusion (0.952 vs 0.858 g/cm?, respectively; p < 0.0001)
[20]. Similar data were observed at femoral neck where
BMD was 6.2 % higher in yerba mate consumers than in
controls (0.817 vs 0.776 g/cm?, respectively; p = 0.0002).
In addition, a multiple regression analysis showed that
yerba mate consumption showed a positive correlation with
BMD at both the lumbar spine and the femoral neck sug-
gesting a protective effect on bone.

Since investigations in yerba mate on bones of human
beings could be influenced by the diversity of life styles
and, also, the limitations of human studies per se, we aimed
to evaluate the effect of yerba mate (I. paraguariensis)
infusion on bone tissues of normal rats through methods of
densitometric, morphometric, histomorphometric and
biomechanical analyses. Ca absorption and Ca uptake were
also evaluated in order to ensure that yerba mate did not
affect intestinal Ca absorption.

Materials and Methods
Animals

Experiments were carried out in 30-day old, 60-80 g of
body weight female Sprague-Dawley rats provided by the
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School of Medicine, Rosario National University (Ar-
gentina). Rats were housed in a room with 12-h light and
dark periods, and constant temperature of 24 + 1 °C.

Twenty-four rats were randomly assigned into two
groups: Control and Yerba according as they received
water or an infusion of yerba mate as ad libitum drink. A
filtered yerba mate infusion (25 g of yerba mate in 1 1 of
water at 90 °C) containing 370 mg/l of caffeine was
administered for 90 days. This infusion replaced the
drinking water at the “Yerba” groups. The daily caffeine
intake varied between 2-7 mg/100 g considered a
low/moderate dose. It was not constant because it was
administered in the drinking water, and the weight of the
rats varied throughout the experiment. The dose of 2 mg/
100 g is equivalent on the human daily consumption of
four cups (240 ml) per day for a person weighing 60 kg.
Control and Yerba groups were also divided according to
the Ca content in the diet: 0.2 or 0.9 g %. Therefore, four
experimental groups were formed (n =6 per group):
Control 4 Ca 0.2 g %; Control + Ca 09 g %; Yer-
ba 4 Ca 0.2 g %; and Yerba + Ca 0.9 g %.

At the end of the experiment, rats were euthanized in a
CO, chamber; and tibias and femurs were obtained. Duo-
denal cells were isolated for Ca-uptake measurement. The
proximal epiphysis of the right tibia was processed for
histomorphometric analysis of trabecular bone, as descri-
bed below. BMD was immediately measured in the left
tibia, and biomechanical tests were performed in the
femurs, as described below.

BMD Measurement by X-ray Absorptiometry

At the end of experiment, bone mineral density (BMD,
mg Ca/cm?) was measured by an X-ray equipment (Work
Ray 70 kV, Workman SRL, Argentina) simultaneously
with an aluminum step wedge, which was previously cal-
ibrated with known Ca concentrations [21]. The BMD was
determined in a 2-mm?” area at 1 mm from growth plate—
metaphyseal junction similar to the measurement of his-
tomorphometric parameters.

Bone Histomorphometry

The proximal epiphysis of the right tibias were fixed in
10 % phosphate-buffered formaldehyde and decalcified in
10 % EDTA before embedment in paraffin. 5-um longi-
tudinal sections were stained with hematoxylin and eosin,
and four sections per rat were examined using a light
microscope (Leitz, Wetzlar, Germany). Digital images
were obtained at a x40 magnification (Olympus SP-350,
China) of proximal epiphysis. Analyses were performed in
a 2-mm” area at 1 mm from growth plate—metaphyseal
junction. The following measurements were performed
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with Image] 1.40 software (NIH, Maryland, USA), as
described by Parfitt et al. [22]: (1) total tissue volume, TV
(umz); (2) trabecular bone volumen, BV (umz); and (3)
trabecular bone surface, BS (um). With these values, his-
tomorphometric variables were calculated: (1) bone vol-
ume, BV/TV (%) = [BV*100/TV]; (2) trabecular
thickness, Tb.Th (um) = [2/(BS/BV)]; (3) trabecular
number, Tb.N (1/mm) = [(BV/TV)/(Tb.Th)]; and (4) tra-
becular separation, Tb.Sp (um) = [(1/Tb.N) — Tb.Th].

Trabecular Connectivity Assessment

The analysis of trabecular interconnectivity was performed
as previously published [23], and the following parameters
were measured by means of Image] 1.40 software
(NIH, Maryland, USA): total number of nodes (Nd), the
number of node-to-node branches (NNd), the number of
node-to-termini branches (NNdTm), the number of trees (7),
the number of terminals (Tm), and the number of branches
with two terminals (NTm). With these parameters, we pro-
ceeded to calculate the interconnectivity parameters: the
interconnectivity index [ICI = Nd*NNd)/T*(NNdTm +
1)]; the node-to-termini ratio [R = Nd/Tm)]; the mean size
of branches [Dist (mm) = »_ branches size/(NNdTm +
NNd + NTm)]; and the new interconnectivity index [NDX
(%/mm) = (R*NNd*(BV/TV)*Tb.Th)/(NTm*NNdTm*Dist*
Tb.Sp)].

Cortical Bone Measurements

For morphometric analysis of cortical bone, cross
Sects. (500 um in thickness) of right femoral diaphyses
were cut with a low speed saw (IsoMet. Buehler Ltd. Illi-
nois, USA). A digital image was obtained at 40x magni-
fication, and measurements were performed using Imagel
1.40 (NIH, Maryland, USA) for the (1) cross-sectional area
(CS.Ar: the area of bone and marrow cavity bounded by the
periosteal surface, mmz); (2) medullary area (Me.Ar: the
area delineated by the endocortical surface, mmz); 3)
cortical bone area (CB.Ar: calculated as the difference
between the CS.Ar and Me.Ar, mmz); (4) periosteal
perimeter (mm); (5) endosteal perimeter (mm); (6) cortical
width (mm); (7) periosteal diameter (mm); and (8)
medullary diameter [24]. Cross-sectional moment of inertia
(CSM, mm4) was calculated as ([periosteal diameter/
21 — [medullary diameter/2]*) * n/64.

Mechanical Testing
Femurs were stored at —20 °C wrapped in saline-soaked

gauze until tested and were thawed at 37 °C. The cortical
bone strength at the femoral mid-diaphysis was determined

using a three-point bending test, and the trabecular bone
strength was evaluated by a compression test in distal femur
[25, 26]. Mechanical testing was performed on a machine
designed at the engineering department of the Bone Biology
Laboratory, with a 300-N load cell with 0.01 N of dis-
crimination and an accuracy of 10 um in displacements. The
two-bar distance for the three-point bending test was
14 mm. The compression test was performed with a com-
pression cone of 7.07 mm? on a 2.5-mm thickness
transversal section from distal epiphysis of the same bone.
For both tests, the speed was 0.01 mm/s, and was monitored
on a computer. Load versus displacement plots were
recorded using software Biomedical Data Acquisition Suite
1.0 (Argentina, 2011) to determine bone properties. The
software data acquisition rate was 10 Hz. The ultimate load
(N) was defined as the highest load, and the fracture load
(N) was recorded just before the first decline in load. The
stiffness (N/mm) was determined as the slope of the linear
portion of the load versus displacement curve. Absorbed
energy (mJ) was defined as the area under the curve until the
fracture load point. The material properties were determined
by employing classic beam theory and transforming the data
of load and displacement in stress [stress = load * two-bar
distance * outer radius/(4 * CSMI) and strain [strain =
(12 * outer  radius * displacement * 10%)/(two-bar ~ dis-
tance)z], respectively. The ultimate stress (MPa) was defined
as the highest stress, and the modulus of elasticity or
Young’s modulus (GPa) was calculated using the linear
portion of the stress versus strain curve.

In Vivo Net Ca Absorption

Animals were placed in individual metabolic cages, and the
amount of food eaten in 24 h was measured. Feces were
collected and incinerated at 550 °C. Calcium concentra-
tions in food and feces were determined by atomic
absorption spectroscopy (Arolab MK II, Buenos Aires,
Argentina), and 24-h Ca intake and 24-h fecal Ca were
calculated every 30 days. The percentage of Ca absorption
(%Ca) for each animal was calculated as %Ca = (24 h-Ca
intake — 24 h-fecal Ca) * 100/24 h-Ca intake.

In Vitro Calcium Uptake

Immediately after euthanasia, duodenal cells were isolated
as described previously [27] to determine Ca uptake. Cell
viability was assessed by Trypan blue exclusion. Exclusion
of the dye in >90 % of the cells was observed for at least
90 min after isolation. A total of 200,000 cells were
incubated for 10 min at 37 °C with the uptake buffer
(1 mM-Tris, 1 mM MgCl,, 50 mM CaCl,, BCa [1 pCi/ml,
New England Nuclear, Research products, Boston, MA,
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USA]) (n = 10). After 10 min, the cell suspension was
diluted 25-fold in ice-cold medium (phosphate-buffered
saline [PBS] + 0.02 mM CaCl,, 4 °C). The cells’ sus-
pensions were spun down at 750 g for 1 min, resuspended
in 1 M NaOH, and radioactivity (*>Ca) was measured using
a scintillation counter (Beckman LS 100C, USA). Higher
radioactivity indicates higher Ca uptake [28].

Ca Concentration on Yerba Mate Infusion

The Ca concentration on yerba mate infusion was evalu-
ated throughout the yerba mate infusion preparation by
atomic absorption spectroscopy (Arolab MK II, Buenos
Aires, Argentina). The Ca concentration was measured at
every 10° between 20 and 90 °C.

Statistical Analysis

Data were expressed as mean + SEM. Two-way analysis
of variance (ANOVA) was performed with Ca diet (0.2 or
0.9 g %) and infusion (yerba mate or water) as analyzed
factors. The multiple comparison LSD posttest analysis
was performed if significant interaction was found. Dif-
ferences were considered significant if p < 0.05. Statistical
analyses were performed using the stat, base, and agricolae
packages of the software version R 2.14.0 [29].

Results
BMD Measurement

BMD was only affected by Ca content in the diet
(»p = 0.001, Two-way ANOVA). The yerba mate infusion
did not affect the BMD, and no interaction between Ca diet
and yerba mate was observed (Fig. 1).

Bone Histomorphometry

Ca content in the diet, but not yerba mate infusion, had
effects on histomorphometric parameters (Table 1). Fur-
ther, a significant interaction between Ca diet and yerba
mate infusion was found only for BV/TV (p = 0.048,
Two-way ANOVA). The lower BV/TV in Control 4+ Ca
0.2 % compared to Control + Ca 0.9 % was due to a
decrease in the trabecular thickness and an increase in
trabecular separation without changes on trabecular num-
ber. No differences were observed in BV/TV between
Yerba groups.
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Two-way ANOVA
35+ Ca diet: p=0.001

Yerba: p>0.05
30 - | Interaction: p>0.05

BMD (mg Ca/cm?)

L) L)
Ca0.9% Ca0.2%
Control

Ca0.9% Ca0.2%
Yerba

Fig. 1 Bone mineral density (BMD) in Control and Yerba groups.
BMD was only affected by Ca content in the diet (p = 0.001, Two-
way ANOVA)

Trabecular Connectivity

Connectivity parameters were not affected by yerba mate
consumption, but an effect of Ca content in the diet was
observed (Table 2). No interaction between Ca diet and
yerba mate was found. Lower NDX values were found in
groups with low Ca content in the diet. The NTm param-
eter, which provides information about loss of connectivity
in the bone architecture, was also found increased in groups
that received Ca 0.2 g %. However, this negative effect on
NTm was compensated with a decrease in Dist.

Cortical Bone Measurements

The diet Ca content, but not yerba mate consumption, had
effect on morphometric parameters without interaction
between Ca diet and yerba mate (Two-way ANOVA)
(Table 3). An increase in medullary area with no change in
cross-sectional area, which led to a decrease in the cortical
area was observed in the groups that received Ca 0.2 %.
Also, increased endosteal perimeters without changes in
periosteal perimeter leading to a decrease in the cortical
width were observed in the groups fed with Ca 0.2 %-diet.

Mechanical Testing

Biomechanical parameters of bone analyzed with three-
point bending test were not affected by Ca content of the
diet or yerba mate infusion (Table 4). Also, no interaction
between Ca diet and yerba mate infusion was observed. On
the other hand, trabecular biomechanical parameters were
affected by the Ca content of the diet (Table 4), while no



L. R. Brun et al.: Effects of Yerba Mate (Ilex paraguariensis) on Histomorphometry...

Table 1 Bone histomorphometric measurement

Control Yerba Two-way ANOVA
Ca09g% Ca02g% Ca09g% Ca02g% Ca diet Yerba Interaction
BV/TV (%) 2525 £3.71 10.68 £ 1.59%* 20.50 £+ 1.54 16.31 £ 2.59 p <0.05 ns p <0.05
Tb.Th (pm) 59.31 £+ 6.51 44.48 + 3.57 55.64 £+ 3.50 45.07 £+ 3.68 p <0.05 ns ns
Tb.N (1/mm) 437 £ 0.64 2.38 £0.29 3.76 £ 0.30 3.78 £ 0.67 ns ns ns
Tb.Sp (um) 202.80 £ 38.52 434.40 + 87.65 230.30 £+ 25.97 278.00 + 62.97 p <0.05 ns ns
BV/TV bone volume, Th.Th trabecular thickness, 7b.N trabecular number, 75b.Sp trabecular separation
* p < 0.05 compared to Control + Ca 0.9 % (Two-way ANOVA, LSD posttest)
Table 2 Trabecular connectivity assessment
Control Yerba Two-way ANOVA
Ca09g% Ca02g% Ca09g% Ca02g% Ca diet Yerba Interaction
ICI 0.40 £+ 0.15 0.11 £ 0.04 0.28 £+ 0.11 0.26 £+ 0.19 ns ns ns
R 0.23 £ 0.05 0.12 £ 0.02 0.22 + 0.04 0.12 + 0.04 p <0.05 ns ns
NDX (%/mm) 0.53 £ 0.21 0.02 £ 0.008 0.30 £ 0.16 0.11 £ 0.10 p <0.05 ns ns
Dist (mm) 0.19 £ 0.05 0.12 £ 0.02 0.19 £+ 0.02 0.09 £+ 0.02 p <0.05 ns ns
NTm 10.17 £ 2.18 14.33 + 2.84 9.00 £ 1.51 21.00 £ 6.48 p <0.05 ns ns

ICI interconnectivity index, R node-to-termini ratio, Dist mean size of branches, NDX new interconnectivity index, N7m number of branches

with two terminals

Table 3 Morphometric parameters

Control Yerba Two-way ANOVA

Ca09g% Ca02g% Ca09g% Ca02g% Ca diet Yerba Interaction
Cross-sectional area (mmz) 891 £ 0.19 9.12 + 0.22 9.04 £+ 0.30 8.93 £ 0.26 ns ns ns
Medullary area (mm?) 3.23 £0.15 4.56 £ 0.16 341 £0.25 448 £ 0.17 p <0.05 ns ns
Cortical bone area (mm?) 5.68 £ 0.25 4.56 £ 0.27 5.63 £0.23 445 4+ 0.25 p < 0.05 ns ns
Periosteal perimeter (mm) 11.48 + 0.15 11.76 £ 0.17 11.62 + 0.20 11.54 + 0.17 ns ns ns
Endosteal perimeter (mm) 6.82 + 0.14 8.20 + 0.14 7.12 + 0.26 8.06 + 0.14 p <0.05 ns ns
Cortical width (mm) 0.71 £+ 0.03 0.50 + 0.03 0.69 + 0.03 0.49 + 0.03 p < 0.05 ns ns

effects of yerba mate consumption or interactions between
Ca diet and yerba mate were observed. The compression
test showed lower values in fracture load, stiffness, and
Young’s modulus in Ca 0.2 %-fed rats compared to Ca
0.9 %, independent of yerba mate consumption.

In Vivo Net Ca Absorption and In Vitro Calcium
Uptake

The net Ca absorption was only affected by the Ca content
in the diet (Table 5) without interaction between Ca con-
tent and yerba mate infusion.

Ca uptake of isolated enterocytes was not affected by Ca
content in the diet or by the presence of yerba mate

(Table 5). In addition, no interaction between Ca content
and yerba mate infusion was found.

Ca Concentration on Yerba Mate Infusion

The concentration of Ca on yerba mate infusion was mea-
sured, and it was demonstrated that the concentration is
dependent of the temperature of the process. The Ca con-
centration in yerba mate infusion was significantly increased
from 1.06 £ 0.04 mg/dl at 20 °C to 2.85 % 0.04 mg/dl at
80 °C and 2.87 £ 0.08 mg/dl at 90 °C (Wilcoxon test,
p < 0.05). However, the contribution of Ca from yerba mate
to total Ca intake was insignificant: 1.82 % in the groups
with low Ca intake and 0.40 % in the normal Ca groups.
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Table 4 Mechanical testing

Control Yerba Two-way ANOVA

Ca09g% Ca02g% Ca09g% Ca02g% Ca diet Yerba  Interaction
Three-point bending test
Fracture load (N) 64.70 £ 3.98 67.52 + 3.90 58.93 £+ 4.28 61.05 £ 343 ns ns ns
Ultimate load (N) 70.50 £ 6.41 68.44 £+ 1.88 65.85 £+ 3.77 71.50 £+ 3.77 ns ns ns
Stiffness (N/mm) 206.50 £+ 30.10 124.40 £+ 19.18 186.10 £ 25.75 168.80 &+ 28.47  ns ns ns
Absorbed energy (mlJ) 73.25 £ 9.50 59.76 + 1.32 92.56 £+ 4.09 77.35 £ 691 ns ns ns
Ultimate stress (MPa) 74.76 + 2.59 82.09 + 2.90 72,94 + 4.01 84.42 + 7.99 ns ns ns
Young’s modulus (GPa) 1.97 £ 0.14 1.71 £0.14 2.11 £0.18 2.09 £+ 0.30 ns ns ns
CSMI (mm*) 577 £0.55 4.89 £ 0.20 5.63 £0.36 5.08 £ 0.43 ns ns ns
Compression test
Fracture load (N) 31.39 £ 6.06 10.59 £2.33 23.14 £ 3.85 10.42 £ 2.80 p <005 ns ns
Stiffness (N/mm) 54.16 £ 17.57 16.51 £ 3.61 52.07 + 8.86 16.68 + 4.81 p <005 mns ns
Absorbed energy (mlJ) 443 £ 1.31 2.16 £ 1.00 299 £0.71 1.58 £0.74 ns ns ns
Young’s modulus (GPa)  0.019 £ 0.006 0.006 + 0.001 0.018 £ 0.003 0.006 £ 0.002 p <005 ns ns
CSMI cross-sectional moment of inertia
Table 5 In vivo net Ca absorption and in vitro calcium uptake

Control Yerba Two-way ANOVA
Ca09g% Ca02g% Ca09g% Ca02g% Ca diet Yerba Interaction

Net Ca absorption (%) 41.17 £ 7.81 96.61 + 0.80 57.11 £ 7.80 94.70 £ 2.06 p <0.05 ns ns
Ca uptake (kBg/mg protein) 26.49 £ 3.19 3290 + 4.24 37.42 £5.75 31.83 + 3.01 ns ns ns

Discussion

Because caffeine has a negative impact on bone, it could be
expected that yerba mate consumption is deleterious for the
bone, due to its caffeine content, at least when combined
with a low Ca diet. It was previously demonstrated a
negative association between caffeine (more than
200-300 mg/day = ~400-500 ml of coffee) and BMD,
which was attenuated in women with high Ca intake
(>750 mg/day) [14]. Current evidence indicates that indi-
viduals consuming a minimum 800 mg Ca/day would not
be significantly affected by daily caffeine intakes below
400 mg [30].

This study shows lower BV/TV values in Control + Ca
0.2 % compared to Control + Ca 0.9 % without differ-
ences between Yerba groups. The interaction between Ca
contents in the diet and yerba mate infusion (BV/TV:
p = 0.048) would indicate a protective effect of yerba
mate on bone volume when the Ca content of the diet is
below the requirements. While yerba mate infusion was
administered in the drinking water and not in the usual way
of administration in humans, the daily dose of caffeine was
equivalent to humans’ doses. Despite the fact that in the
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study of Conforti et al. there were no significant differences
in Ca intake between yerba mate drinkers and nondrinkers,
in both groups the Ca intake was under Ca requirement
(600 mg/day [range 450-700] and 500 mg/day [range
450-650], respectively). Therefore, the higher lumbar
spine and femoral neck BMD observed in individuals
drinking yerba mate—similar to what was found in the
current study in rats—could be attributed to the effect of
yerba mate infusion on bone volume when the Ca content
of the diet is below the requirements. However, this effect
would not be biologically important because other bone
parameters as trabecular connectivity and mechanical
properties were not affected by yerba mate.

The disruption parameter (NTm) was found to be
increased in Yerba 4+ Ca 0.2 %, which could explain why
yerba mate infusion was not able to prevent the effects of
low Ca content in the diet on the mechanical properties of
the trabecular bone. Therefore, despite a protective effect
of yerba mate on BMD found by Conforti et al. [20], we
found that bone structural and biomechanical parameters
were not preserved, suggesting that it cannot prevent the
effect of low Ca diet on fracture risk. However, this is an
important outcome as this study shows no negative effect
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of yerba mate on bone that could be expected due to the
caffeine content. In addition, acute toxicity and subchronic
toxicity studies using yerba mate-dried extract in Wistar
rats showed no effects on survival, clinical observations,
macroscopic and histopathological examination of organs,
body weight or food, and water consumption. Moreover,
most of biochemical and hematological parameters
remained unchanged [31]. Taken together, the results
indicate that yerba mate is safe for bone, as well as general
health.

It is important to consider not only the differences in
the concentration of caffeine between coffee and yerba
mate, but also the concentration of flavonoids and other
organic compounds which have favorable effects on bone
[32]. The presence of polyphenols [1, 33, 34] with
favorable effect on bone tissue can mitigate the negative
effect of caffeine. Tea (Camellia sinensis), another com-
mon xanthine-containing beverages, has been reported to
have a protective effect on bone [35-37]. Tea contains
fluoride (0.54-2.21 mg/l) [38], and this mineral has been
proven to have osteogenic activity [39, 40], especially
when it is administered in low doses for long periods of
time. The opposite effect of tea could be the consequence
of the interaction of caffeine and fluoride. Yerba mate is
also a rich source of flavonoids (gallocatechin and gallic
acid) which may benefit bone density both through the
inhibition of bone resorption and increasing osteoblast
proliferation [41-43]. Chlorogenic acid is the most
abundant polyphenol bioactive compound of Ilex
paraguariensis and has the property of inhibiting osteo-
clast differentiation and bone resorption [44]. Therefore,
the combination of agents that are beneficial and detri-
mental to bone renders yerba mate infusion neutral on
bone mass and strength.

In summary, the consumption of yerba mate does not
affect bone structure parameter or bone resistance in nor-
mal rats. Although the negative effect of low Ca intake that
affects bone volume can be prevented at least in part by the
yerba mate, the yerba mate infusion is not able to reverse
the negative effect of low Ca intake on biomechanical
properties and trabecular connectivity. In summary, our
results suggest that yerba mate does not have a negative
effect on bone, and it is safe for the bone health of the
consumers.
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