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Abstract

Adjuvant effects of Saccharomyces 
cerevisiae in the treatment of 
experimental periodontitis in rats 
undergoing chemotherapy

Surgical procedures, radiotherapy, and chemotherapy, individually or 
in association, are current oncological treatments. Among the most used 
chemotherapy drugs, 5-fluorouracil (5FU) is an antimetabolite with a broad 
spectrum of action. This study evaluated the effects of probiotics (PRO) 
as an adjuvant to the treatment of experimental periodontitis (EP) in 
rats immunosuppressed with 5FU. Methodology: 108 rats were randomly 
allocated to six different groups: EP; SS – systemic treatment with saline 
solution (SS); 5FU – systemic treatment with 5FU; 5FU+PRO – systemic 
treatment with 5FU, followed by the local administration of Saccharomyces 
cerevisiae; 5FU+SRP – systemic treatment with 5-FU, followed by scaling 
and root planing (SRP); and 5FU+SRP+PRO – systemic treatment with 
5FU followed by local treatments with SRP and PRO. Immunosuppression 
was obtained at two points: at the time of ligature installation and after 
48 h. Six animals from each group were euthanized at seven, 15, and 30 
d and hemimandibles were collected and processed for histopathological, 
histometric, and immunohistochemical analysis. Data were subjected to 
statistical analysis (α=5%). Results: At 7 d, the 5FU+PRO group showed less 
bone resorption and better structured connective tissue compared with the 
EP, SS, 5FU+SRP, and 5FU+SRP+PRO groups. At 15 d, the 5FU+SRP group 
showed a greater intensity of the inflammatory response (p<0.05). At 30 d, 
the 5FU+SRP+PRO group showed better structured bone tissue and a higher 
percentage of bone tissue (PBT) than the EP, SS, 5FU, and 5FU+PRO groups 
(p<0.05). Conclusion: The use of Saccharomyces cerevisiae as monotherapy 
or as an adjuvant to periodontal therapy may have a positive effect on bone 
repair in immunosuppressed conditions.
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Introduction

In 2020, the Global Cancer Observatory 

(GLOBOCAN) reported the occurrence of 19.3 million 

new cancer cases and 10 million cancer deaths 

worldwide.1 On the other hand, an epidemiological 

study with North American adults showed that 46% 

of the population (i.e., 67 million individuals) had 

periodontitis.2 Therefore, many of these individuals 

diagnosed with periodontitis also had some type of 

malignant neoplasm, which requires the attention of 

researchers and clinicians.3

Surg ica l  procedures,  rad iotherapy,  and 

chemotherapy, individually or in association, are 

current oncological treatments.1,4 Among the most 

used chemotherapy drugs, 5-fluorouracil (5FU) is an 

antimetabolite with a broad spectrum of action. It 

directly affects DNA synthesis and causes side effects 

in the oral cavity, such as mucositis and xerostomia.5,6 

The influence of 5FU on periodontal tissues was 

evaluated in recent animal studies, which showed that 

this drug exacerbates periodontal inflammation, with 

a greater inflammatory infiltrate and higher RANKL 

immunostaining scores.7-12 This not only aggravates 

the progression of experimental periodontitis (EP) 

in rats, but also interferes with the response to 

periodontal treatment.7-12

The consensus regarding therapeutic modalities for 

stage I–III periodontitis is the control and reduction 

of pathogenic subgingival microbiota by supra- and 

subgingival mechanical therapy, with scaling and 

root planing (SRP).13 However, some sites and/or 

patients may have a limited response to treatment 

as a result of periodontal disease manifestations, 

systemic conditions, or the use of medications that 

can result in a loss of supporting periodontal tissue, 

independently of periodontitis.14-16 It is suggested 

that these limitations are related to the pathogenic 

microbiota that prevent the proposed therapy from 

converting the dysbiotic infectious process into an 

equilibrium condition, either due to the presence of 

a residual subgingival biofilm after SRP or due to a 

chronic inflammatory response despite mechanic 

debridement.13 For this reason, animal and clinical 

studies are underway to evaluate adjuvant therapies 

that may improve the outcomes of subgingival SRP.17-20

Previous animals studies and human clinical trials 

evaluated the effect of probiotics as an adjuvant 

therapy for periodontal diseases.17,20,21 The World 

Health Organization (WHO) describes probiotics 

as “live microorganisms which when administered 

in adequate amounts confer a health benefit on 

the host.”22 Compounds such as paraprobiotics 

(inactivated probiotic microorganisms) and postbiotics 

(concentrated active bacterial metabolites) have shown 

promising results in in vitro and in vivo studies.18,23 A 

recent systematic review with meta-analysis evaluated 

the effects of probiotics on periodontitis, under the 

hypothesis that, when applied as an adjuvant therapy, 

they can cause a long-term effect, promoting changes 

in the subgingival microbiota, with good healing of 

periodontal pockets and periodontal tissue repair nine 

to 12 months after SRP.20 Data from the analyzed 

studies showed beneficial effects of probiotics in 

reducing probing depth and bleeding on probing, 

modulating the host response with a reduction in 

inflammatory cytokines (TNF-α, IL-1β, and IL17) and 

an improvement in microbiological patterns similar to 

the findings of studies using systemic antibiotics.24,25 

Animal experiments have been performed to evaluate 

the effect of probiotics in healthy systemic21,26-28 or 

immunosuppressed conditions.11,29 A recent study 

by our group evaluated the effect of the systemic 

use of Lactobacillus reuteri in the treatment of EP in 

immunosuppressed animals, and showed promising 

results in controlling periodontal tissue inflammation 

in rats.11 However, only one study evaluated the 

effect of Saccharomyces cerevisiae as a local 

adjuvant in the treatment of EP in healthy animals.17 

In view of the above, there are few studies in the 

literature that evaluate the effect of probiotics on the 

control of periodontal disease in immunosuppressed 

conditions.11,30 This study considered the hypothesis 

that the use of Saccharomyces cerevisiae as 

monotherapy or its association with nonsurgical 

periodontal therapy could minimize the deleterious 

effects of immunosuppression on the progression of 

periodontitis. Thus, this study aimed to evaluate the 

effects of Saccharomyces cerevisiae as an adjuvant 

to the treatment of EP in rats immunosuppressed 

with 5FU.

Methodology

Animals
This study was conducted on 108 three-month-old 

male rats (Rattus norvegicus albinus, Wistar) weighing 
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180 to 250 g. They were healthy and able to undergo 

the procedures. They were kept in a temperature-

controlled environment (21±1°C), with 12/12 light 

cycles, and received food and water ad libitum. The 

research protocol (#00191-2013) was approved by 

the Animal Ethics Committee in accordance with the 

ARRIVE guidelines.30

Experimental protocol
For the surgical procedures, rats received 

intraperitoneal injections of ketamine hydrochloride 

(70 mg/kg; Vetaset, Fort Dodge, Iowa, USA) and 

xylazine hydrochloride (6 mg/kg; Coopazine, Coopers, 

São Paulo, Brazil). EP was induced by installing a 

cotton thread around the lower left first molar. The 

ligature was maintained for 7 d in the subgingival 

position.11

The ligature was removed and rats were divided 

into six groups (n=18/group): EP; SS – systemic 

treatment with saline solution (SS); 5FU – systemic 

treatment with 5FU and local irrigation with SS; 

5FU+SRP – systemic treatment with 5FU followed by 

local SRP; 5FU+PRO – systemic treatment with 5FU 

followed by local irrigation with 0.6 mL of the probiotic 

(PRO); and 5FU+SRP+PRO – systemic treatment with 

5FU, local SRP, and irrigation with 0.6 mL of PRO. A 

schematic representation of all groups can be found 

in Figure 1.

Systemic treatments
Systemic treatment with 5FU (50 mg/mL; 

Laboratório Eurofarma, São Paulo, SP, Brazil) consisted 

of an intraperitoneal injection of 80 mg/kg at the 

time of ligature installation and 40 mg/kg 48 h later 

in the 5FU, 5FU+SRP, 5FU+PRO, and 5FU+SRP+PRO 

groups.11 Rats in the SS group received a systemic 

administration of 0.5 mL of SS on the day of ligature 

installation and 48 h later.11

Local treatments

SRP

The SRP procedures were performed by the same 

experienced and trained operator, blinded to the 

experimental groups (T.E.R.),11 with one or two Mini 

Five manual curettes (Hu-Friedy, Chicago, IL, USA).11

Probiotic treatment
PRO (Saccharomyces cerevisiae, FR 1972, Florax®; 

Hebron Farmacêutica, Caruaru, PE, Brazil) was applied 

locally at three times: immediately after and 48 

and 96 h after ligature removal (5FU+PRO) or SRP 

(5FU+SRP+PRO). Each PRO application consisted of 

0.6 mL (1x108 CFU of S. cerevisiae), administered 

directly into the gingival sulcus using a 1 mL syringe 

and a non-beveled needle (13x4.5 mm).17

Histological processing
Six rats from each group were euthanized by 

Figure 1- Schematic illustration of the study design. Abbreviations and symbol: EP: no local treatment; SS: systemic treatment with saline 
solution (SS); 5FU: systemic treatment with 5FU and local irrigation with SS; 5FU+SRP: systemic treatment with 5FU followed by local 
scaling and root planing (SRP); 5FU+PRO: systemic treatment with 5FU followed by local irrigation with 0.6 mL of the probiotic (PRO); 
5FU+SRP+PRO: systemic treatment with 5FU, local SRP treatment and irrigation with 0.6 mL of PRO; blue circle: systemic treatment with 
5FU or SS; red triangle: SRP session; green triangle: PRO session
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injection of a lethal dose of thiopental (150 mg/kg; 

Cristália, Produtos Químicos Farmacêuticos Ltda., 

Itapira, SP, Brazil) at 7, 15, and 30 d after treatment. 

After fixation, the left hemimandibles were carefully 

handled and subjected to demineralization in 10% 

ethylenediaminetetraacetic acid for eight weeks.21 

Subsequently, they were dehydrated by immersion in 

serial dilutions of alcohol. After paraffin embedding, 

the samples were sectioned in the sagittal plane, 

always following the long axis of the tooth, on 4 μm 

thick slides.21 Some serial sections of the lower left 

first molar were collected, mounted on glass slides, 

and stained with hematoxylin and eosin (HE), while 

other sections were subjected to immunohistochemical 

processing.

Histomorphometric and histological analysis
A histomorphometric analysis of alveolar bone loss 

(ABL),11 percentage of bone tissue (PBT),7 percentage 

of vital bone (PVB),31 and percentage of non-vital bone 

(PNVB)31 in the furcation area (FA) was conducted. 

A certified and blinded histologist (E.E.) performed 

the histological analyses.7 Images were captured 

using a digital camera (AxioCam®, ZEISS, Gottingen, 

Germany) coupled to a light microscope (AxioLab®, 

ZEISS, Gottingen, Germany) and connected to a 

microcomputer. Histological analyses were performed 

in the FA, using a scoring system (Table 1),7 by a 

calibrated examiner, blinded to the treatments (E.E.). 

The ABL area was delimited by contouring the entire 

cementum surface between the bone crest and the 

roof of the furcation.7 For these analyses, the FA, the 

bone tissue area (BTA), the vital bone tissue area 

(VBT), and the non-vital bone tissue area (NVBT) in 

the FA were measured in mm2. The BTA had the same 

apical limit as the FA and, from this limit, followed the 

entire external surface of the alveolar bone between 

the roots. The VBT and NVBT defined the area of vital 

or non-vital bone tissue between the roots. The PBT, 

PVB, and PNVB in the furcation region were calculated 

by multiplying the BTA, VBT, or NVBT consecutively by 

100 and dividing by the FA. The ABL, PBT, PVB, and 

PNVB of each specimen were measured three times by 

the same examiner (T.E.R.) on different days.7

Immunohistochemical analysis
The histological sections were deparaffinized in 

xylene, hydrated in a decreasing series of ethanol, 

and subjected to indirect immunoperoxidase. Antigen 

retrieval was performed by immersing the histological 

slides in 0.1 M citrate buffer (pH 7.4; Diva Decloaker®, 

Biocare Medical, Concord, CA, USA) in a pressurized 

chamber (Decloaking Chamber®, Biocare Medical, 

Concord, CA, USA) at 95°C for 20 min.31 The slides 

with samples from each experimental group were 

divided into five batches. Each batch was incubated 

with one of the following primary antibodies: 

osteoprotegerin (OPG; goat anti-OPG, Santa Cruz 

Biotechnology, Santa Cruz, CA, USA; SC 8468); 

tartrate-resistant acid phosphatase (TRAP; goat anti-

TRAP, Santa Cruz Biotechnology, Santa Cruz, CA, 

USA; SC 30833); and RANKL ligand (RANKL; goat 

anti-RANKL, Santa Cruz Biotechnology, Santa Cruz, 

CA, USA; SC 7628). The histological slides were 

counterstained with Harris hematoxylin. Images 

were captured using a digital camera (AxioCam®, 

ZEISS, Gottingen, Germany) coupled to a light 

microscope (AxioLab®, ZEISS, Gottingen, Germany) 

and connected to a microcomputer. A histologist 

(E.E.) performed the immunohistochemical analyses. 

The cells immunolabeled for TRAP were located 

in the center of the interradicular septum.11 The 

coronal limit of this area was the alveolar bone crest, 

from which it extended apically for 1,000 μm. For 

RANKL and OPG immunolabeling, a semiquantitative 

analysis of immunoreaction was performed 

throughout the FA: score 0, no immunolabeling 

[total absence of immunoreactive (IR) cells]; score 

1, low immunolabeling pattern (1/4 IR cells); score 

2, moderate immunolabeling pattern (1/2 IR cells); 

and score 3, high immunolabeling pattern (3/4 IR 

cells).11 Quantitative analysis of TRAP immunostaining 

was performed by a blinded and calibrated examiner 

(D.M.J.M.), by counting TRAP-positive cells located 

in the center of the interradicular septum of the 

lower first molar in an area of 1,000x1,000 μm, with 

200x magnification in three equidistant histological 

sections11. The coronal limit of this area was the 

alveolar bone crest, from which it extended apically for 

1,000 μm.11 Semiquantitative analyses for RANKL and 

OPG were performed in the FA at 400x magnification 

by a certified and blinded histologist (E.E.). RANKL 

and OPG scores were individually analyzed in each 

experimental group.21

Examiner calibration
Before the histometric and immunohistochemical 

analyses began, two examiners were trained 

and calibrated. To this end, they performed two 
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measurements of ABL, PBT, PVB, and PNVB (T.E.R.), 

and TRAP (D.M.J.M.) of 24 species, with an interval 

of one week. Intraexaminer calibration was assessed 

by the Kappa test (95%).32

Statistical analysis
The sample size was calculated considering the 

PBT in the furcation region as the primary outcome.33 

The secondary outcome was described by the 

immunostaining pattern and histological features 

in the FA. Considering the minimum difference of 

4% between the treatment means and a standard 

deviation of 1.3% of the PBT, the results showed a 

sample size of four animals (α=0.05)7 with a study 

power of 95% (BioEstat, version 5.3, Instituto 

Mamirauá, Manaus, Brazil).

Statistical analysis of all data was performed using 

BioEstat (version 5.3, Instituto Mamirauá, Manaus, 

Brazil) at a significance level of 5%. The normality 

of the histometric (ABL, PBT, PVB and PNVB) and 

immunohistochemical (TRAP) data was assessed using 

the Shapiro-Wilk test. Intra- and intergroup analyses 

were subjected to analysis of variance (ANOVA) and 

Tukey’s post-hoc test (p<0.05).

Semiquantitative data from the histological analysis 

of periodontal tissues were subjected to the Kruskal-

Wallis test, followed by the Student-Newman-Keuls 

post-test when a statistically significant difference was 

detected (p<0.05).

Results

Histological analysis
The results of histological analysis are shown in 

Table 1. The 5FU group showed a greater inflammatory 

response in the FA compared with the 5FU+PRO group 

at 15 d (p<0.05); the EP, SS, and 5FU+SRP+PRO 

groups at 15 and 30 d; and the 5FU+SRP group at 

30 d (p<0.05). The 5FU+SRP group showed a greater 

inflammatory response than the EP, SS, 5FU+PRO, 

and 5FU+SRP+PRO groups at 15 d (p<0.05). At 30 d, 

the 5FU+SRP and 5FU+SRP+PRO groups showed a 

lower inflammatory response than the 5FU+PRO group 

(p<0.05). In the intragroup analysis, the 5FU+SRP 

group had a lower inflammatory response at 30 d than 

at days 7 and 15 (p<0.05). The 5FU+SRP+PRO group 

had a greater inflammatory response at 7 d than at 15 

and 30 d after treatment (p<0.05), while the 5FU+PRO 

group showed a lower response at 15 d compared 

with 7 and 30 d (p<0.05; Figure 2). The 5FU group 

showed a greater extent of the inflammatory process 

than all the other groups at 15 and 30 d (p<0.05). 

In the intragroup analysis, 5FU+SRP, 5FU+PRO, and 

5FU+SRP+PRO had a greater extent at 7 d than at 15 

and 30 d (p<0.05; Figure 2). The 5FU group showed 

greater external root resorption compared with all 

the experimental groups at 7 d. In the intragroup 

analysis, 5FU showed greater root resorption at 7 d 

than at 30 d (p<0.05; Figure 2). In the intragroup 

analysis for the 5FU+SRP and 5FU+SRP+PRO groups, 

resorption was greater at 7 d compared with 30 d 

(p<0.05; Figure 2). The pattern of connective tissue 

structuring in the furcation region was worse in EP and 

SS than in 5FU+PRO at 7 d (p<0.05) and 5FU+SRP 

and 5FU+SRP+PRO at 30 d (p<0.05). The 5FU 

group showed a worse pattern of connective tissue 

structuring than 5FU+PRO at 7 and 15 d (p<0.05), 

5FU+SRP at 15 and 30 d (p<0.05), and 5FU+SRP+PRO 

at 30 d (p<0.05). The 5FU+PRO group showed a better 

pattern of connective tissue structuring compared 

with the 5FU+SRP and 5FU+SRP+PRO groups at 7 d 

(p<0.05). The 5FU+PRO group had a worse pattern of 

connective tissue structuring than the 5FU+SRP+PRO 

group at 30 d (p<0.05).

The 5FU+SRP group showed worse connective 

tissue structuring in the FA at 7 d compared with 15 

and 30 d (p<0.05). The 5FU+SRP+PRO group, on 

the other hand, showed better structuring at 30 d 

than at days 7 and 15 (p<0.05; Figure 2). Regarding 

the pattern of bone tissue structuring in the FA, the 

5FU group had worse structuring compared with the 

5FU+SRP+PRO group at 15 and 30 d (p<0.05) and the 

EP, 5FU+SRP, and 5FU+PRO groups at 30 d (p<0.05). 

In the intragroup analysis, this structuring pattern was 

better at 30 d than at 7 d in the 5FU+SRP+PRO group 

(p<0.05; Figure 2).

Histometric analysis (ABL, PBT, PVB and PNVB)
The 5FU+PRO group had high ABL compared 

with the SS group at 30 d (p<0.05; Figure 3). There 

were no statistically significant intragroup differences 

(p<0.05). The EP group showed higher PBT compared 

with the 5FU+SRP+PRO group at 7 d (p<0.05) and 

the 5FU, 5FU+SRP, and 5FU+PRO groups at 7 and 

15 d (p<0.05). Even at 7 d, the 5FU+SRP+PRO group 

had higher PBT than the 5FU+SRP group (p<0.05). 

At 30 d, the 5FU+SRP+PRO group showed higher PBT 
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PARAMETERS AND SCORES PERCENTAGE OF SAMPLES (%)
EXPERIMENTAL GROUPS

EP SS 5FU 5FU+SRP 5FU+PRO 5FU+SRP+PRO
7 d 15 d 30 d 7 d 15 d 30 d 7 d 15 d 30 d 7 d 15 d 30 d 7 d 15 d 30 d 7 d 15 d 30 d

INTENSITY OF LOCAL INFLAMMATORY 
RESPONSE

(1) no inflammation - - - - - - - - - - - - - - - - - -
(2) mild inflammation (up to 1/3 of the cells 
are inflammatory)

- - - - - - - - - - - - - - - - - -

(3) moderate inflammation (from 1/3 to 2/3 of 
the cells are inflammatory)

33 67 67 33 67 67 - - - - - 100 33 100 33 - 67 100

(4) severe inflammation (more than 2/3 of the 
cells are inflammatory)

67 33 33 67 33 33 100 100 100 100 100 - 67 - 67 100 33 -

MEDIAN 3 2 2 3 2 2 3 3*† 3*† 3 3*† 2‡βµ 3 2‡¶β 3¶µ 3 2‡¶ 2‡α

EXTENT OF INFLAMMATORY PROCESS
(1) no inflammation - - - - - - - - - - - - - - - - - -
(2) extending only to part of the connective 
tissue in the furcation region

- - - - - - - - - - - - - - - - - -

(3) extending throughout the connective 
tissue in the furcation region

33 67 67 33 67 67 - - - - 67 100 - 100 100 - 67 100

(4) extending throughout the connective 
tissue and bone in the furcation region

67 33 33 67 33 33 100 100 100 100 33 - 100 - - 100 33 -

MEDIAN 3 2 2 3 2 2 3 3*† 3*† 3 2‡β 2‡β 3 2‡β 2‡β 3 2‡β 2‡β

EXTERNAL ROOT RESORPTION 
(CEMENTUM AND DENTIN)

(1) absent - - - - - - - - - - - - - - - - - -
(2) only inactive resorption areas - - - - - - - - - - - 33 - - 33 - - 33
(3) few active resorption areas 100 100 100 100 100 100 - 33 100 100 100 67 100 100 67 100 100 67
(4) many active resorption areas - - - - - - 100 67 - - - - - - - - - -

MEDIAN 2 2 2 2 2 2 3*† 3 2β 2‡ 2 2 2‡ 2 2 2‡ 2 2
ALVEOLAR BONE RESORPTION

(1) within normal patterns - - - - - - - - - - - - - - - - - -
(2) small amount of bone resorption areas - - - - - - - - - - - 33 - - - - - 33
(3) moderate amount of bone resorption 
areas

100 100 100 67 67 67 - - - - - 67 100 100 100 - 67 67

(4) large amount of bone resorption areas - - - 33 33 33 100 100 100 100 100 - - - - 100 33 -
MEDIAN 2 2 2 2 2 2 3 3 3 3 3 2‡β 2‡¶ 2‡¶ 2‡ 3α 2 2‡β

CONNECTIVE TISSUE STRUCTURING 
PATTERN

(1) moderate number of fibroblasts and large 
amount of collagen fibers (dense connective 
tissue)

- - - - - - - - - - - - - - - - - -

(2) moderate amount of both fibroblasts and 
collagen fibers

- - - - - - - - - - - 33 - - - - - 100

(3) small amount of both fibroblasts and 
collagen fibers

- 33 33 - 33 33 - - - - 100 67 100 100 67 - 33 -

(4) severe tissue breakdown with necrotic 
areas

100 67 67 100 67 67 100 100 100 100 - - - - 33 100 67 -

MEDIAN 3 3 3 3 3 3 3 3 3 3 2‡β 2*†‡β 2*†‡¶ 2‡ 2 3α 3 2*†‡ 

αβµ

BONE ALVEOLAR STRUCTURING 
PATTERN

(1) regularly contoured bone trabeculae lined 
with active osteoblasts, including areas of 
new bone formation

- - - - - - - - - - - - - - - - - -

(2) irregularly contoured bone trabeculae 
lined with active osteoblasts and osteoclasts

- - - - - - - - - - - 33 - - - - - 33

(3) irregularly contoured bone trabeculae 
lined with active osteoclasts

67 67 100 67 67 100 - - - 67 67 67 67 67 100 33 100 67

(4) areas of necrotic bone and irregularly 
contoured bone trabeculae lined with active 
osteoclasts

33 33 - 33 33 - 100 100 100 33 33 - 33 33 - 67 - -

MEDIAN 2 2 2 2 2 2 3 3 3* 2 2 2‡ 2 2 2 3 2‡ 2‡β

Symbols: *: significant difference compared with the EP group at the same experimental period; †: significant difference compared with 
SS at the same experimental period; ‡: significant difference compared with 5FU at the same experimental period; ¶: significant difference 
compared with SRP at the same experimental period; α: significant difference compared with PRO at the same experimental period; 
β: significant difference compared with 7 d in the same experimental group; µ: significant difference compared with 15 d in the same 
experimental group.

Table 1 Parameters, scores, and distribution of samples in percentage (%) according to the histological analysis of the mandibular first 
molar in different experimental groups and periods.
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Figure 2- Photomicrographs of the lower left first molar with experimental periodontitis, showing the magnitude of the local inflammatory 
response, the level of alveolar bone loss, and the periodontal repair process in SS, 5FU, 5FU+SRP, 5FU+PRO e 5FU+SRP+PRO at 
7 d (A, D, G, J, M), 15 d (B, E, H, K, N), and 30 d (C, F, I, L, O). Abbreviations and symbols: ab: alveolar bone; nb: necrotic bone; *: 
inflammatory infiltrate. Staining method: hematoxylin and eosin (H&E). Original magnification: 100x. Scale bars: 250 µm
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compared with EP, SS, 5FU, and 5FU+PRO (p<0.05). 

In the intragroup analysis, the EP group had lower 

PBT at 30 d than at 7 or 15 d (p<0.05). The SS and 

5FU+SRP groups showed lower PBT at 30 d than at 

7 d (p<0.05; Figure 3). Regarding PVB, the EP and 

SS groups had higher PVB than the 5FU+PRO group 

at 7 d (p<0.05) and 5FU and 5FU+SRP at 7 and 15 d 

(p<0.05). The 5FU+SRP+PRO group showed higher 

PVB than the 5FU group at 7 d (p<0.05), the 5FU+SRP 

group at 7 and 30 d (p<0.05), and the EP, SS, 5FU, 

and 5FU+PRO groups at 30 d (p<0.05). 5FU+SRP 

and 5FU+PRO had higher PVB than 5FU group at 30 d 

(p<0.05). In the intragroup analysis, the EP, SS, and 

5FU+SRP groups had lower PVB at 30 d than at 7 d 

(p<0.05), and 5FU+SRP+PRO had higher PVB at 30 d 

compared with 7 and 15 d (p<0.05; Figure 3). The 

PNVB was lower in the 5FU+SRP group compared with 

the SS group at 7 d (p<0.05). Intragroup analysis 

showed that the PNVB was lower at 30 d than at 15 d 

in the EP group (p<0.05) and lower at 30 d compared 

with 7 d in the SS group (p<0.05; Figure 3).

Immunohistochemical analysis
There was no statistically significant difference 

between the groups in the immunostaining of TRAP-

positive cells in the different periods (p>0.05; Figure 

4). For RANKL, a high pattern of immunostaining 

prevailed at 7, 15, and 30 d in the EP, SS, and 5FU 

groups. In the 5FU+PRO and 5FU+SRP groups, the 

immunostaining pattern was predominantly high at 

7 d and moderate at 15 and 30 d. The 5FU+SRP+PRO 

group showed a high immunostaining pattern at 7 d, 

moderate at 15 d, and moderate to low at 30 d (Figure 

5). For OPG, a low staining pattern prevailed at 7, 15, 

and 30 d in all experimental groups, except at 30 d 

in 5FU+SRP+PRO, where most samples showed a 

moderate pattern of immunostaining (Figure 5).

Discussion

There is evidence that cancer patients undergoing 

chemotherapy develop a more pathogenic oral 

microbiota during immunosuppression, causing 

a worsening of periodontal disease during their 

treatment.4,6 With the aim of preventing infections and 

intervening in the immunosuppressive action, this is 

Figure 3- Graphs showing the mean and standard deviation of alveolar bone loss (A), percentage of bone tissue (B), percentage of vital 
bone (C), and percentage of non-vital bone (D) in the furcation area, according to the groups and periods (mm2). Abbreviations and 
symbols: *: significant difference compared with the EP group at the same experimental period; †: significant difference compared with SS 
at the same experimental period; ‡: significant difference compared with 5FU at the same experimental period; ¶: significant difference 
compared with 5FU+SRP at the same experimental period; α: significant difference compared with 5FU+PRO at the same experimental 
period; β: significant difference compared with 7 d in the same experimental group; µ: significant difference compared with 15 d in the 
same experimental group
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the first in vivo study to evaluate the hypothesis that 

local monotherapy with Saccharomyces cerevisiae 

or its association with SRP in the treatment of EP 

could minimize the effects of immunosuppression, as 

observed in previous studies by our research group.7,8 

Our findings show that the antineoplastic agent 

negatively affects bone repair at significant rates, the 

modulation of the local inflammatory response, and, 

consequently, the degree of severity of periodontitis.

The ligature-induced EP model has been widely 

used and is a highly reproducible model to assess 

the progression and treatment of periodontitis.34,35 

Rats are commonly used in EP studies due to their 

easy handling, low cost, and biological response, 

which is very similar to that of humans.35 The animal 

ligature model, although limited, is critical to the 

establishment of cause and effect relationships in 

advanced therapeutic tests.36 The changes in the 

periodontal tissue are similar to those observed in 

human periodontitis, involving rupture and apical 

migration of the junctional epithelium.35,36

Based on the results of this study, the 

methods of disease induction should be debated. 

Immunosuppression was induced by the systemic 

administration of 5FU in rats with EP. Models 

of immunosuppression induced by the use of 

chemotherapeutics have a considerable capacity to 

mimic the events observed in humans, including the 

gradual increase in leukopenia.7 This fact increases the 

vulnerability of the host and aggravates periodontal 

disease.7-12 Rats treated with 5FU showed severe 

changes in the alveolar bone, toxicity in the oral 

Figure 4- Graph showing the mean and standard deviation of TRAP-positive cells in the furcation area, according to the groups and 
periods. Photomicrographs showing the immunolabeling pattern for TRAP in the periodontium of the lower left first molar with experimental 
periodontitis at 7 d in EP (A), SS (B), 5FU (C), 5FU+PRO (D), 5FU+SRP (E), and 5FU+SRP+PRO (F). Abbreviations and symbols: ab: 
alveolar bone; arrows: osteoclasts cells. Counterstain: Harris hematoxylin. Original magnification: 1000x. Scale bars: 25 µm

Figure 5- Photomicrographs showing the immunolabeling pattern for RANKL in 5FU (A), 5FU+PRO (B), and 5FU+SRP+PRO (C) at 
7 d; and for OPG in 5FU (D), 5FU+PRO (E), and 5FU+SRP+PRO (F) at 30 d. Abbreviations and symbols: ab: alveolar bone; arrows: 
immunostained cells. Counterstain: Harris hematoxylin. Original magnification: 1000x. Scale bars: 25 µm
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mucosa, damage to the epithelial tissue and cellular 

apoptosis, which facilitates the penetration of bacteria 

and their by-products into the periodontal tissues. 

Similar results to this study were presented by other 

studies that used 5FU as an immunosuppression 

modality in rats. These showed increased levels of 

bone resorption in rats with EP and increased bone 

loss.7,8 These data are justified by the fact that 5FU 

is cytotoxic to cells that have a high proliferation 

and regeneration rate, such as those present in the 

junctional epithelium.7,8 As the first line of defense of 

periodontal tissues against microbial aggression, the 

rupture of the junctional epithelium facilitates the 

penetration of bacteria and their products into the 

periodontal tissues, especially those that constitute 

the insertion periodontium. This contributes to the 

progression of periodontal disease,7,9 a fact also 

observed in this study.

The beneficial effects of the systemic use of 

probiotics on periodontal disease have also been 

reported by other studies that induced EP in 

animals.17,21,28 Some randomized controlled clinical 

trials have also shown favorable results from probiotics 

in various conditions, such as reducing gingival 

inflammation and periodontitis.37-39 Regarding probiotic 

monotherapy (5FU+PRO), it was observed that even 

in the absence of mechanical instrumentation, the 

use of Saccharomyces cerevisiae was able to reduce 

the inflammatory infiltrate. This is due to the possible 

effects of probiotics on the local immune response, by 

the release of products that inhibits the growth of oral 

bacteria. Probiotics also can affect bacterial plaque 

formation by competing and intervening with bacteria 

and may even be involved in substrate metabolism.40 

Saccharomyces cerevisiae is a yeast biotherapeutic 

agent that may possess probiotic properties.41 

Furthermore, the cell wall of Saccharomyces cerevisiae 

contains β-glucans, polysaccharides, which have an 

antimicrobial effect, and activate leukocytes, and 

stimulate phagocytic activity and the production of 

inflammatory cytokines.40

In the histological analysis, it was observed that 

rats in the groups in which no modality of local 

treatment was performed (EP, SS, and 5FU) showed 

severe signs of periodontal destruction, especially 

in the initial phase (7 to 15 d) of the repair process. 

However, the group subjected to SRP showed 

a more intense inflammatory response at 15 d 

(p<0.05). These results show that the antineoplastic 

agent exacerbates and sustains the inflammatory 

response caused by pathogens in periodontal tissues 

throughout the experimental periods. On the other 

hand, the pattern of connective tissue structuring 

showed a greater tendency to repair in the 5FU+PRO 

group at 7 d compared with the EP and SS groups 

(p<0.05). This result corroborates a recent study 

that evaluated the effects of antineoplastic agents on 

healthy periodontal tissues and on the progression of 

periodontitis in the furcation region.12 The results also 

show that the significant ABL in the immunosuppressed 

groups is a result of exacerbated inflammation.12 In the 

5FU+PRO group, there was less ABL in the FA at 7 d 

than in all the other experimental groups, and at 30 d 

compared with the groups subjected to local treatment 

(5FU+SRP and 5FU+SRP+PRO; p<0.05). These data 

were also confirmed by the analysis of bone resorption, 

which showed that the 5FU+PRO group had lower 

parameters, as well as a lower porosity extension than 

the 7-day treatment groups (p<0.05). These findings 

suggest that the use of S. cerevisiae as monotherapy 

can benefit the tissue repair process and help prevent 

periodontal disease in immunosuppressed conditions.

Data from the histomorphometric analyses in this 

study and one of the main parameters for assessing 

the progression of EP highlighted that monotherapy 

with Saccharomyces cerevisiae was able to modulate 

the quality of bone tissue to a level compatible with the 

SS group, i.e., a state of systemic health (p<0.05). At 

7 d, rats in the 5FU+SRP+PRO group showed a higher 

PBT compared with the 5FU+SRP group (p<0.05), and 

at 30 d compared with the EP, SS, 5FU, and 5FU+PRO 

groups (p<0.05). At 30 d, an increase in PVB was also 

observed in 5FU+SRP+PRO compared with all the 

experimental groups (p<0.05). The reduction of these 

measurements in rats treated with Saccharomyces 

cerevisiae may have influenced the reduction in the 

process of bone tissue destruction, which is greatly 

worsened by chemotherapy. Other authors have shown 

that photonic therapies can reduce ABL in the FA of 

animals undergoing chemotherapy with 5FU, thus 

reinforcing the positive effects of adjuvant therapies 

in mimicking immunosuppression.8,9

Further studies are still needed on the protocol of 

probiotics as a local monotherapy or in association 

with SRP in the treatment of periodontitis, especially 

in immunosuppressed conditions. Miessi et al.11 (2020) 

showed that probiotic therapy with Lactobaccillus 

reuteri was unable to significantly reduce inflammation 
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and improve periodontal tissue repair. However, the 

systemic use of Lactobaccillus reuteri promoted 

greater control of the inflammatory response.11 

Factors related to pathogenic microbiota still generate 

gaps in the proposed therapies, which affect their 

ability to convert a dysbiotic infectious process into 

a homeostatic/commensal balance and/or contain 

tissue invasion by pathogens, especially in individuals 

undergoing chemotherapy.42,43 Therefore, there is a 

continuous search for therapies that can optimize 

the results of periodontal treatment, especially in 

immunosuppressed conditions.

Regarding the immunomodulatory effects of 

Saccharomyces cerevisiae, it was observed that rats 

in the groups treated with the probiotic (5FU+PRO 

and 5FU+SRP+PRO) showed different immunostaining 

profiles directly involved in bone metabolism (TRAP, 

OPG and RANKL) than the other groups (EP, SS, and 

5FU). However, it is worth mentioning that according 

to the protocol proposed for the 7-, 15-, and 30-day 

periods, some results deserve to be highlighted, 

since they describe an immunoinflammatory profile 

inherent to the simulation of immunosuppression 

associated with early and late stages of periodontitis. 

Clinical studies report that after 15 d of chemotherapy, 

there is an increase in the conditions associated with 

periodontal disease, as well as a strong presence 

of periodontal abscess resulting from a significant 

imbalance in the oral ecosystem.4,6 The findings of this 

study point to a high pattern of RANKL immunostaining 

at 7 d in rats subjected to local treatments (5FU+PRO, 

5FU+SRP, and 5FU+SRP+PRO) compared with the 

other groups (EP, SS, and 5FU). At 15 d, rats that 

received local treatments showed a moderate pattern 

of immunostaining for OPG and RANKL, and at 30 d 

only the 5FU+SRP+PRO group had a low pattern 

of RANKL immunostaining. This result suggests a 

modulating effect of probiotic monotherapy on bone 

formation and resorption processes. Some studies 

consider the low levels of the RANKL/OPG ratio as a 

result of SRP and/or probiotic therapy, in addition to 

mimicking the effects of chemotherapy on periodontal 

tissues.11 Moreover, other variables can have a 

significant influence on the oral environment. The use 

of photobiomodulation,10,11 antimicrobial photodynamic 

therapy,9,10,44 and regenerative materials45 may 

modify clinical and microbiological parameters in 

periodontal patients, and may also have an effect in 

association with probiotics. All these variables should 

be considered in future trials.

Considering the limitations of this study, we 

highlight the method of inducing immunosuppression 

using the chemotherapy drug 5FU in two applications9 

and the protocol for using local PRO. Only one study 

published in the literature used a treatment protocol 

with the same PRO used in this study.17 The local 

effects of Saccharomyces cerevisiae are strain-

specific and depend on the dose and frequency in 

which they are administered. Therefore, the results 

presented in this study cannot be generalized to 

other probiotic strains. Further studies involving 

different dosages, therapeutic protocols, and routes 

of administration of Saccharomyces cerevisiae, as 

well as evaluating the systemic effects of this therapy 

under immunosuppressed conditions or systemic 

modifications, are needed so that clinical trials can be 

performed to evaluate the effects of these beneficial 

microorganisms and their derivatives in controlling 

bone loss under immunosuppressed conditions.

Conclusion

Despite the limitations of this study, it can be 

concluded that Saccharomyces cerevisiae used as 

monotherapy or as adjuvant therapy to SRP can 

promote a protective effect against alveolar bone 

loss caused by 5FU in cases of periodontitis in rats. 

As a modulator of the local inflammatory response 

and, consequently, of the severity of periodontal 

disease, Saccharomyces cerevisiae has proved to be a 

promising therapy during and after cancer treatment.
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