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Abstract

Background: Periodontal disease is one of the most frequent comorbidities in diabetic patients and can contribute
to poor blood glucose control.

Objective: To evaluate the effects of ingesting different doses of beta-glucans (BG) isolated from Saccharomyces cer-
evisiae on alveolar bone loss (ABL) and inflammatory/metabolic parameters in normal and diabetic rats with ligature-
induced periodontal disease (PD).

Design: Sixty male rats were assigned into two groups: non-diabetic or diabetic (i.p. 70 mg/kg streptozotocin) with
PD.Then, groups were subdivided into five subgroups according BG doses: 0 mg/Kg; 10 mg/Kg; 20 mg/Kg; 40 mg/Kg
or 80 mg/Kg. Animals received BG for 28 days and ligatures were placed on lower first molars during the last 14 days.

Results: ABL of diabetic and non-diabetic animals receiving BG 40 mg/kg (1.33 £ 0.03 mm and 0.77 & 0.07 mm,
respectively) and 80 mg/kg (1.26 4 0.07 mm and 0.78 &£ 0.05 mm, respectively) doses was lower (p < 0.05) in com-
parison to respective controls (1.59 £ 0.11 mm and 0.90 mm £0.08). COX-2 (Control: 1.66 4+ 0.12; 40 mg/kg: 1.13 £
0.07; 80 mg/kg: 0.92 4 0.18) and RANKL expressions (Control: 1.74 + 0.34; 40 mg/kg: 1.03 £ 0.29 ;80 mg/kg: 0.75 +
0.21), together with the RANKL/OPG ratio (Control: 1.17 4 0.08; 40 mg/kg: 0.67 + 0.09; 80 mg/kg: 0.63 4 0.28) were
attenuated above the same dose (p < 0.05). BG did not influence (p > 0.05) metabolic parameters in non-diabetic rats.
In diabetic animals, doses above 40 mg/kg reduced IL-133 (Control: 387 £ 66; 40 mg/kg: 309 £ 27; 80 mg/kg: 300 +
14) and TNF-a (Control: 229 4+ 19; 40 mg/kg: 128 4 53; 80 mg/kg: 71 & 25), blood glucose levels (Control: 402 4+ 49;
40 mg/kg: 334 4 32; 80 mg/kg: 287 + 56), total cholesterol (Control: 124 £ 8; 40 mg/kg: 120 &+ 10; 80 mg/kg: 108 +
9), LDL-c + VLDL-c (Control: 106 £ 8; 40 mg/kg: 103 & 10; 80 mg/kg: 87 £ 10) and triacylglycerols (Control: 508 + 90;
40 mg/kg: 301 &£ 40; 80 mg/kg: 208 & 61), whereas increased HDL-c (Control: 18 £ 0.5; 40 mg/kg: 19 & 1; 80 mg/kg:
21 £ 1) (p < 0.05). Optimal dose needed to reduce ABL was higher in diabetic animals with PD.
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Conclusions: BG ingestion reduced ABL and improved inflammatory profile in a dose-dependent manner. Best

effects were achieved with doses above 40 mg/kg.
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Introduction

Periodontal disease (PD) is a group of inflammatory
conditions initiated by the presence of disbiotic biofilm
associated to teeth supporting tissues [1, 2]. Specific com-
ponents of bacteria (e.g., lipopolysaccharide-LPS) stimu-
late periodontal cells to secrete several pro-inflammatory
cytokines, including prostaglandins, IL-1, IL-6, TNF-a
and endothelin [3], and promote bone loss through oste-
oclast activation. This process involves the expression of
the receptor activator of nuclear factor kappa-B ligand
(RANKL) and reduced expression of osteoprotegerin
(OPG) [4, 5].

Due to the common inflammatory pattern, evidence
indicates a strong bidirectional relationship between
PD and other chronic systemic diseases, such as diabe-
tes mellitus (DM) [6]. Diabetic individuals are at higher
risk and present more severe PD than healthy ones. As
well, blood glucose control in diabetic patients is also
hampered in the presence of PD [7]. Cytokines released
in periodontal inflammation also influence insulin resist-
ance and adipokines secretion [8]. In summary, PD and
DM are two chronic non-transmissible diseases with sig-
nificant impact on each other, impairing quality of life,
reducing longevity and increasing health costs [9].

Alternative or supplementary treatments with func-
tional foods such as probiotics and prebiotics have been
studied to produce adjunctive periodontal benefits [10].
Prebiotics, such as beta-glucans (BGs), are non-digestible
soluble fibers that are fermented by gut microbiota, pro-
ducing short-chain fatty acids and inducing IgA secre-
tion, enhancing the integrity of the intestinal barrier and
host immunity [11]. BGs have demonstrated beneficial
effects in preventing alveolar bone loss (ABL), with asso-
ciated antidiabetic and other metabolic effects [8, 12, 13].
The main sources of BG’s are the cell walls of fungi, algae,
bacteria, and cereals [14]. Depending on the source, they
present different functional effects [13, 15]. Yeast-derived
BGs have immunostimulant properties [16], by enhanc-
ing phagocytosis and modulating the production of
inflammatory cytokines [14]. Previous studies from our
group showed that daily doses (30 mg/kg/day for 28 days)
of B-glucans from Saccharomyces cerevisiae reduced
plasmatic levels of TNF-a [17] and ABL [8, 17] in animals
with PD. In addition, BG reduced gingival expression of
Cyclooxygenase-2 and RANKL genes, whereas increased
OPG expression in diabetic animals [8]. In animal mod-
els, doses employed for periodontal disease control varies

from 10 mg/kg/day [18] to 85 mg/kg/day [19] in different
studies. A dose-response effect and optimal dose are still
unknown.

The Food and Drug Administration (FDA) considered
yeast BG (isolated from S. cerevisiae) generally recog-
nized as safe (GRAS) more than 10 years ago (Govern-
ment Revenue Number: 000239). Maximum safe dose for
consumption is 200 mg/per meal [20], ranging from 100
to 500 mg/day [15] Preclinical nutritional and toxicologi-
cal studies play an indispensable role before proposing
safe and efficacious startup dose for human studies [21].
Therefore, we aimed to evaluate the effects of different
doses of BGs (Saccharomyces cerevisiae) on ABL, inflam-
matory and metabolic parameters of diabetic and nondi-
abetic rats with ligature-induced PD.

Methods

Animals

This study was approved by the Ethics Committee on
Animal Use of the Federal University of Lavras, under
Protocol 041/17. During experimental period, the ani-
mals were kept in polypropylene boxes (dimensions
41 cm x 34 cm x 17.5 cm), containing wood shavings,
and maintained in acclimatized room (22 £ 2 °C; 45% +
15% of humidity and 12-12 h light-dark cycle). Rodents
received appropriate commercial feed and water ad libi-
tum throughout the experimental period.

Sample size was determined based on ABL. The sam-
ple size was determined to provide 80% power to recog-
nize a significant difference of 20% among groups and a
standard deviation of 15% with a 95% confidence inter-
val («=0.05) [8]. Therefore, a sample size of six animals
per group was required. Sixty male Wistar rats (Rat-
tus norvegicus albinus) with initial body weight ranging
from 250 to 300 g were randomly assigned into two large
groups: diabetic or non-diabetic. Diabetes was induced
by intraperitoneal injection of streptozotocin (70 mg/
kg). Each group (diabetic and non-diabetic) was subdi-
vided into five subgroups of six animals/each according
to the following BG doses: 0 mg/Kg; 10 mg/Kg; 20 mg/
Kg; 40 mg/Kg or 80 mg/Kg.

Administration of B-glucan

Animals received a commercial product containing BG
isolated from Saccharomyces cerevisiae yeast by gavage,
in accordance with respective experimental group, dis-
solved in 0.3 ml of filtered water for 28 consecutive days.
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Administration occurred always between 8 and 10 a.m.
by the same researcher.

Induction of experimental diabetes mellitus

DM induction was performed by intraperitoneal injec-
tion of 70 mg/kg of streptozotocin (Sigma, ST. Louis, MO,
USA) dissolved in citrate buffer [22]. Forty-eight hours
after induction, blood glucose was measured (8 h-fasting)
through amputation of the tip of the tail using a glucome-
ter (Accutrend® Plus Roche, Basel, Switzerland). Animals
with fasting blood glucose above 200 mg/dL [8] were
considered diabetic. On the same day, BG administration
started (Fig. 1).

Periodontal disease induction

PD was induced using cotton thread ligatures around
both right and left first mandibular molars. The animals
were anesthetized using intraperitoneal injection of
10 mg/kg xylazine and 80 mg/kg ketamine [23]. Animals
received BG for 28 days and PD was induced on the 15th
day (Fig. 1).

Euthanasia and collection of biological material
Euthanasia occurred by cardiac puncture after anes-
thesia (50 mg/kg of sodium thiopental i.p.). Blood was
collected through cardiac puncture and the jaws were
removed. The gingival tissue surrounding the first molars
was immediately removed and stored at — 80 °C for gene
expression analysis.

Serum analyzes
Blood samples coagulated at room temperature. The
tubes were centrifuged at RCF of 1252xg for 20 min.
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Serum was transferred into 2 ml tubes and stored in an
ultra-freezer at — 80 °C until analysis. We determined
blood glucose, total cholesterol (TC), triacylglycerols
(TAG) and high-density lipoprotein cholesterol (HDL-C),
using commercial enzymatic colorimetric kits (Labtest®,
Lagoa Santa-MG, Brazil). LDL-C + VLDL-C levels of
each animal were calculated using the following equa-
tion (CT- HDL = LDL + VLDL) [24]. Serum concentra-
tions of TNF-qa, IL-1f and IL-10 by immunoenzymatic
assay (ELISA) were determined in diabetic animals using
commercial kits (Invitrogen, Thermo-Fisher Inc., Vienna,
Austria) and spectrophotometer (Epoch Biotek, Win-
ooski, VT, USA).

Morphometric analysis of alveolar bone resorption

The mandibles were collected to determine ABL using
the morphometric method, after soft tissue removal [8]
Initially, the pieces were fixed in 10% formalin solution.
Subsequently, we immersed the samples in 30% hydrogen
peroxide for 2 h to facilitate mechanical removal of the
soft tissues. Staining was conducted using with 1% meth-
ylene blue for 1 min to delimit the cemento-enamel junc-
tion (CEJ).

The mandibles were observed in a stereomicroscope
attached to a video camera and a computer. Images were
stored with a 20x magnification. The distance between
the alveolar bone crest and CEJ was measured in the cen-
tral region of each root of the first molar from the lingual
face following long axis [25] using the Image ] software
(Bethesda, MD, USA.). A trained examiner blind to all
treatments made measurements. The average of the three
measurements was used to express the degree of ABL for
each animal.

Acclimatization
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RT-qPCR analysis

Total RNA of gingival tissues surrounding the lower jaw
first molars for non-diabetic animals was isolated using
the Trizol® reagent (Invitrogen, Life Technologies, USA).
Subsequently, RNA quality and quantity were deter-
mined using a micro-volume spectrophotometer (Nan-
odrop 1000, Nanodrop technologies LLC, Wilmington,
NC, USA). To assess the integrity of the samples, they
were subjected to electrophoresis on 1.2% agarose gel
stained with GelRed Nucleic Acid Gel Stain and visu-
alized on a UV-transilluminator photo-documenter
(UVITEC FireReader XS D-77Ls- 20. M). Reverse tran-
scription of total DNA was used for cDNA synthesis with
GoScript™ Reverse Transcription kit (System Promega,
Madison, W1, USA). Primer sets for the COX2, RANKL,
OPG genes and for the glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) and Beta actin (ACTB) reference
genes were designed from sequences available on Gen-
Bank using Primer Express 3.0 probe design software
(Applied Bioystem, Foster City, CA, USA). Our reference
genes were validated prior to use. Primers sequences
were: COX-2: forward: 5'-CTCAGCCATGCAGCAAAT
CC-3’; reverse: 5'-GGGTGGGCTTCAGCAGTAAT-3/;
OPG: forward: 5-GGAATAGATGTCACCCTGTGCG-
3/,  reverse: 5-AAGTTTGCTCTTGCGAGCTG-3;
RANKL:  forward: 5-ACATCCCATCGGGTTCCC
ATA-3/, reverse: 5'-AGCAAATGTTGGCGTACAGG-3/;
GAPDH: forward: 5'-CCATCTTCCAGGAGCGAGA-3/,
reverse: 5-GGCGGAGATGATGACCCTTT-3' and
ACTB: forward: 5-AGCCTTCCTTCCTGGGTATG-3/,
reverse: 5'-CGGATGTCAACGTCACACTT-3".

The quantification of the reaction product was per-
formed using SYBR Green PCR Master Mix (Ferments,
Glen Burnie, MD, USA) following the ddCT method
and the averages were normalized in relation to the
lowest value treatment for each gene. After quantifying
the expression of RANKL and OPG, we calculated the
RANKL/OPG ratio [26]. The RANKL/OPG ratio has
been widely used as a parameter to quantify the severity
of PD [26, 27].

Statistical analysis

The data were submitted to the Anderson-Darling nor-
mality test, Breusch-Pagan homoscedasticity test and
Durbin-Watson independence of errors test. Analysis of
variance (ANOVA) were performed and when significant
we conducted Dunnett test (at p < 0.05) in comparison
to the control group (0 mg/Kg). We also compared ABL
under different BG doses between non-diabetic and dia-
betic groups using two-way ANOVA. Regression analy-
ses were conducted determine the optimal dose able to
prevent ABL in non-diabetic and diabetic animals. We
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used Action software (Estatcamp, version 3.4, Sdo Carlos,
Sao Paulo, Brazil).

Results

ABL of diabetic and non-diabetic animals receiving BG
40 mg/kg (1.33 £ 0.03 mm and 0.77 £ 0.07 mm, respec-
tively) and 80 mg/kg (1.26 &+ 0.07 mm and 0.78 % 0.05
mm, respectively) doses was lower (p < 0.05) in compari-
son to respective controls (1.59 £+ 0.11 mm and 0.90 mm
+0.08) (Fig. 2A—-L). The ideal dose of BG ingestion was
54 mg/Kg for non-diabetic animals (Fig. 2A), whereas the
best dose for diabetic was 80 mg/kg (Fig. 2G). ABL was
higher in diabetic animals with PD (compared to non-
diabetic animals) for all tested doses. Two-way ANOVA
indicated significant interaction between diabetes and
BG dose (p < 0.05; Fig. 3).

The RANKL expression (Control: 1.74 £ 0.34; 40 mg/
kg: 1.03 £ 0.29 ;80 mg/kg: 0.75 £ 0.21) and RANKL/OPG
ratio (Control: 1.17 £ 0.08; 40 mg/kg: 0.67 £ 0.09; 80 mg/
kg: 0.63 =+ 0.28) in non-diabetic rats decreased (p < 0.05)
at 40 and 80 mg/kg in comparison to animals not receiv-
ing BG (Fig. 4A, D). OPG expression was not altered (p >
0.05) by BG ingestion (Fig. 4B). The gingival expression
of COX-2 (Control: 1.66 £ 0.12; 40 mg/kg: 1.13 £ 0.07;
80 mg/kg: 0.92 + 0.18) was attenuated (p <0.05) from
20 mg/kg doses (Fig. 4C).

Metabolic variables such as TAG, CT, HDL-c and
LDL-C + VLDL-c remained unchanged among non-
diabetic groups, independently of BG dose ingestion
(Fig. 5A-D). However, for diabetic animals, 40 mg/kg and
80 mg/kg reduced (p < 0.05) blood glucose (Control: 402
=+ 49; 40 mg/kg: 334 £ 32; 80 mg/kg: 287 + 56) and TAG
levels (Control: 508 £ 90; 40 mg/kg: 301 + 40; 80 mg/kg:
208 + 61) (Fig. 6A, E). HDL-C levels increased (Control:
18 £ 0.5; 40 mg/kg: 19 £ 1; 80 mg/kg: 21 £ 1) (p < 0.05)
while TC (Control: 124 + 8; 40 mg/kg: 120 % 10; 80 mg/
kg: 108 £+ 9) and LDL-C + VLDL-C levels (Control: 106
+ 8; 40 mg/kg: 103 + 10; 80 mg/kg: 87 & 10) decreased
(p < 0.05) for animals receiving 80 mg/kg (Fig. 6C, B, D).

Serum levels of IL-1f (Control: 387 + 66; 40 mg/kg:
309 =+ 27; 80 mg/kg: 300 £+ 14) and TNF-a (Control: 229
+ 19; 40 mg/kg: 128 & 53; 80 mg/kg: 71 £ 25) decreased
(p < 0.05) with 40 mg/kg and 80 mg/kg ingestion in dia-
betic groups (Fig. 7A, B). IL-10 (Fig. 7C) levels increased
(p < 0.05) and IL-1B/IL-10 and TNF-a/IL-10 ratios
decreased (p < 0.05) from the smallest tested dose of
10 mg/kg (Fig. 7D, E).

Discussion

This study demonstrated for the first time that BG effects
on ABL is dose-dependent. Additionally, we observed
that diabetic animals with PD needed higher doses than
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Fig. 2 Regression analyses of alveolar bone resorption in non-diabetic (A) and diabetic rats with ligament-induced periodontal disease (G) and
treated with different doses of Saccharomyces cerevisiae 3-glucan for 28 days, respectively. B-F Representation of alveolar bone resorption in
non-diabetic animals with ligature-induced periodontal disease and treated with different levels of Saccharomyces cerevisiae -glucan for 28
days. B control (0 mg/kg). JCE (Enamel cement junction), COA (Alveolar bone crest). C (10 mg/Kg). D (20 mg/Kg). E (40 mg/Kg). F (80 mg/Kg).
H-L Representation of alveolar bone resorption in diabetic animals with ligature-induced periodontal disease and treated with different levels of
Saccharomyces cerevisiae 3-glucan for 28 days. H diabetic (0 mg/kg). I (10 mg/Kg). D (20 mg/Kg). E (40 mg/Kg). F (80 mg/Kg)
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non-diabetic ones. Indeed, DM worsens ABL, confirming
the bidirectional relationship between the two diseases.
ABL is attributed to an inflammatory host response
against biofilm dysbiosis [28]. BG doses of 40 mg/kg or
greater were the most effective in attenuating ABL in
both non-diabetic and diabetic rats. This result was asso-
ciated to a reduction in the expression of COX-2, RANKL
and RANKL/OPG ratio. Such outcomes reinforced the
idea that BG can modulate the gingival inflammatory

profile and mitigate ABL ligature-induced periodontitis
[8,17,19].

RANKL interacts with its receptor on the surface of
osteoclast precursor cells (monocytes) leading to its
differentiation and stimulating its resorptive activity
[29]. In parallel, a reduction in the expression of OPG
by osteoblasts, increases the differentiation and activa-
tion of osteoclasts [30]. A higher expression of RANKL
and an elevated RANKL/OPG ratio indicate greater
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inflammation and greater bone loss, whereas the con-
trary indicates a protective effect for alveolar bone.[26]
We observed that the administration of BG at the highest
doses (40 and 80 mg/kg) attenuated RANKL expression.
This behavior reflected in the reduction of RANKL/OPG
ratio, indicating the protective properties of BG against
ABL [31].

ABL attenuation associated to increased BG ingestion
was also consistent with reduced COX-2 gene expression.

COX-2 in the gums has been linked to prostaglandins
(especially PGE2) production and to a worse PD progno-
sis [32] Prostaglandins produced by osteoblasts and other
cells of the periodontal ligament are potent stimulators
of bone resorption [32] and epithelial insertion losses in
periodontal disease [33].

The expression of COX-2, RANKL and OPG can be reg-
ulated by local and systemic stimuli, through hormones,
inflammatory mediators, drugs and substances produced
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by bacteria, and are considered important molecular tar-
gets for therapeutic intervention [27, 30]. In our study,
the ideal BG dose observed for ABL control in non-dia-
betic rats was 54 mg/kg. The literature shows for vari-
ous metabolic and immune conditions, variations in BG
doses from 0.1 to 20 mg/kg for humans and from 10 to
1250 mg/kg in an animal model [34]. However, few stud-
ies have investigated the effects of different doses of BG
on ligature-induced periodontitis. As example, Kim et al.
[19] evaluated oral 21.25; 42.5 and 85 mg/kg doses of
Polycan (a purified BG from Aureobasidium pullulans),
with effective results in preventing ABL only for the two
higher doses. However, a regression model or optimal
dose was not determined.

As diabetes involves systemic bidirectional relationship
with PD, we evaluated plasmatic inflammatory media-
tors in those animals and their influence on ABL and
metabolic parameters. Doses above 40 mg/kg were the
most effective in reducing ABL and serum levels of IL-1f
and TNF-a. The inflammatory response of PD involves
high levels of pro-inflammatory cytokines such as IL-1p
and TNF-a [35]. IL-1p participates in the activation of
endothelial cells allowing the adhesion of eosinophils,
increasing the inflammatory response and regulating
the production and activity of osteoclasts. IL-1f levels
are higher in individuals with periodontitis [36]. In addi-
tion, elevated levels of TNF-a stimulate osteoclastogen-
esis, increasing the production of macrophage colony
stimulating factor (MCS-F) and RANKL in bone marrow
stromal cells, osteoblasts and lymphocytes [37]. TNF-a
increases RANKL/OPG ratio favoring bone loss [38].
High IL-1B/IL-10 and TNEF-o/IL-10 ratios are associated
with greater bone resorption in PD [39]. Our results from
diabetic animals showed increased serum concentrations
of the anti-inflammatory cytokine (IL-10), with a con-
sequent reduction in the IL-13/IL-10 and TNF-a/IL-10
ratios starting from the smallest 10 mg/kg dose. IL-10
plays a key role in suppressing TNF-a and IL-1B, act-
ing as a tissue inhibitor of metalloproteinases and pros-
taglandin E, in addition to promoting the expression of
anti-inflammatory receptor mediators as the interleukin
1 receptor antagonist.

This immunomodulatory effect of BGs seems to be
attributed to its fermentation by the intestinal microbi-
ota and the production of short-chain fatty acids (SCFA),
generating a systemic anti-inflammatory effect [35].
SCFA in the intestinal lumen can cross the epithelium
by diffusion and interact with surface molecules in the
immune cells of the lamina propria or bind to protein G
receptors (GRP41 and GRP43) coordinating various sign-
aling and regulatory pathways of gene expression associ-
ated gut-associated lymphoid tissue (GALT) [40]. SCFA
may modulate T cell activity in inflammatory conditions
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[41]. by inhibiting histone deacetylases (HDACs), as well
as acting as substrates for generation of acetyl Coa, which
are essential mechanisms for cytokine gene expression
[42]. In short, the generation of SCFA promotes a reduc-
tion in IL-1p and TNF-a and increased secretion of
IL-10, reducing the activation of nuclear factor kappa-B
(NF-kB) [43] and consequently decreasing the systemic
inflammatory response, which is of great importance in
chronic inflammatory diseases [40].

BG ingestion did not promote significant changes in
the metabolic parameters evaluated in non-diabetic
animals (CT, TAG, HDL-c and LDL-c 4+ VLDL-c). This
result is similar to that observed in previous studies in
healthy animals [13, 23] and humans [44, 45]. Results
from our group demonstrated negative effects of PD on
metabolic parameters of rats, such as reduction in pan-
creatic beta cell function and increased serum levels of
TNF-a even in non-diabetic rats [17]. These alterations
were still within the normal reference levels during the 14
days of PD induction [46] or dyslipidemia [24]. However,
when PD was induced in diabetic animals, metabolic dis-
ruption worsened [17].

In the present study we observed in diabetic animals
that the highest dose (80 mg/kg) of BG promoted the
best benefits for blood concentrations of TAG, LDL-c +
VLDL-c, TC and HDL-c. BGs reduces LDL-c by blocking
the micelles of bile acids, impairing their ability to inter-
act with luminal membrane transporters in the intes-
tinal epithelium and decreasing their absorption with
a consequent increase in fecal cholesterol [47]. Subse-
quently, the reduction of bile acids causes an increase in
the expression of the enzyme cholesterol 7a-hydroxylase
in the liver, which positively regulates the low-density
lipoprotein receptor (LDL-R). In this way, the transport
of LDL-c in hepatocytes increases and so the conver-
sion of cholesterol into bile acids further contributing to
LDL-c reduction [48]. Our results also showed a signifi-
cant decrease in blood glucose in the 40 mg/kg dose of
BG in diabetic rats, probably due to the formation of a
gelatinous layer in the intestine, reducing carbohydrates
and lipids absorption [49]. The larger the layer is, the
lower the glucose uptake will be, and this fact explains
why larger doses have better anti-diabetic effects [14]. In
addition, BGs promote suppression of the glucose and
sodium transporter (SGLT-1) in the intestinal mucosa;
modulate the intestinal microbiota; reduce the activity
of intestinal disaccharidases (especially at higher doses
of BG) [50], improving the activity of the enzyme Succi-
nate dehydrogenase. All these mechanisms contribute to
reducing blood glucose levels [50].

Although there are several studies on the meta-
bolic and immunomodulatory effects of BGs [8, 12, 13]
none has investigated the optimal dose for DM and PD
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comorbidities. Several doses are reported in the literature
[8, 13, 34]. No toxic or adverse effects were observed after
subchronic administration of BG doses up to 100 mg/kg
[34]. In addition, in animal models, oral administration
of BGs has been used to decrease toxicity of mercury,
methotrexate and paracetamol [34]. Although we evalu-
ated doses starting at 10 mg/kg, those above 40 mg/kg
were the most effective in reducing PD and controlling
systemic metabolic/inflammatory diseases. Our results
suggest that effective BGs doses are influenced by pre-
existing health condition and that diabetic individuals
may need greater BG doses to achieve better results.

Conclusions

Treatment with BGs attenuates ABL and improves local
and systemic inflammatory parameters at doses above
40 mg/kg. Diabetic animals needed higher BG doses to
achieve the same results as normal animals.
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