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Mucositis is a common complication in cancer patients undergoing 5-fluorouracil 
(5-FU) chemotherapy. Roselle (Hibiscus sabdariffa) extract in synbiotic yogurt 
could be a beneficial alternative because it might change the inflammatory 
response and oral microbiota. The study aimed to investigate the effects of 
synbiotic roselle extract yogurt on inflammatory responses and oral microbiota in 
oral mucositis caused by 5-FU. An experimental study with twenty-four Sprague-
Dawley rats divided into four groups (n=6): healthy control (NC), disease control 
(PC), synbiotic roselle extract yogurt therapy (P1), and standard therapy (P2) 
groups. This study evaluated the number of bacterial colonies, expression of 
COX-2 and caspase-1, and levels of IL-1β and VEGF (days 4 and 7). The P1 
group had a significantly increased beneficial lactic acid bacteria (6.91±0.87) and 
a decrease in pathogenic bacteria, including Staphylococcus aureus (3.89±0.05), 
Escherichia coli (0), and Enterobacter aerogenes (1.78±0.29), compared to 
the PC group. Additionally, there was a statistically significant increase in 
VEGF levels in the tissue (0.07±0.03 ng/mL), a decrease in serum IL-1β levels 
(48.02±10.29 pg/mL), and an expression of caspase-1 and COX-2 compared 
to the PC group (p<0.05). Synbiotic roselle extract yogurt shows promise as a 
therapeutic strategy for managing mucositis by restoring microbial balance and 
mitigating inflammation.
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1. Introduction
  
Mucositis is a significant complication affecting 

40-80% of cancer patients undergoing chemotherapy, 
radiotherapy, or bone marrow transplants, with even 
higher incidence rates observed in bone marrow 
transplant recipients (Alsulami and Shaheed 2022). 
Mucositis is characterized by painful inflammation 
of the mucous membranes in the mouth or 

gastrointestinal tract, resulting in symptoms such as 
pain, ulcers, and difficulty swallowing (Chaudhry 
and Ehtesham 2023). Dysbiosis, an imbalance in the 
microbial environment, often exacerbates mucositis, 
complicating treatment further (Batista et al. 2020). 
Dexamethasone as standard therapy for oral mucositis 
has several drawbacks, namely suppression of the 
immune system, which can lead to infection and 
sepsis and increase patient mortality (Kodde et al. 
2023; Lazar 2024). Administration of high-dose 
dexamethasone injection will promote the growth of * Corresponding Author
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response and oral microbiota (Liu et al. 2022; 
Hakim et al. 2023). Previous studies have only used 
probiotic supplements in treating intestinal mucositis 
(Lopez-Gomez et al. 2023). The co-administration of 
prebiotics can enhance the effectiveness of probiotics, 
and this combination is known as synbiotics (Singh 
et al. 2023). To date, no studies have examined the 
impact of synbiotic supplements on oral mucositis. 
The purpose of this study was to examine the 
therapeutic potential of synbiotic yogurt derived from 
roselle extract on inflammatory responses and oral 
microbiota in a Sprague-Dawley rat model of oral 
mucositis caused by 5-FU.

2. Materials and Methods

This study is research on experimental animals, 
male Sprague Dawley rats (Rattus norvegicus), with 
a posttest-only control group design. It was conducted 
over six months, from December 2023 until June 
2024, at the Laboratory of Animal Research, Faculty 
of Medicine, Universitas Sebelas Maret, Surakarta, 
Indonesia. The samples were divided into four groups, 
namely, the healthy control group (NC), the disease 
control group (PC), the synbiotic rosella extract 
yogurt therapy group (P1), and the dexamethasone 
therapy group (P2). This study evaluated the number 
of bacterial colonies from agar media through 
histopathological examination, expression of COX-2 
and Caspase-1 using immunohistochemistry (IHC), 
and IL-1β and VEGF levels using enzyme-linked 
immunosorbent assay (ELISA) on days 4 and 7.

	The Dr. Moewardi Hospital's Ethical Committee 
for Health Research in Surakarta, Indonesia, 
authorized the study's protocol (approval number: 
016/I/HREC/2024). The Animals in Research: 
Reporting in Vivo Experiments (ARRIVE) guidelines 
were followed for conducting this study (Percie et al. 
2020).

2.1. Sample Size, Sampling Method, and Sample 
Allocation	

The sample size for the study was determined using 
the Federer formula. Using this formula, the minimum 
sample size for each group was found to be six male 
white rats, resulting in a total sample of 24 rats. The 
samples were taken and grouped using simple random 
sampling. This study used an allocation method and 
simple randomization.

Escherichia coli and other gram-negative bacteria 
(Huff et al. 1998). This treatment can be prevented 
with a new alternative treatment, which in turn lowers 
the death rate of patients suffering from oral mucositis 
(Baydar et al. 2005).

	The 5-Fluorouracil (5-FU) is one of the most 
frequently used anti-cancer agents for treating head 
and neck malignancies (Ghafouri-Fard et al. 2021). 
Several studies have found that the most common 
side effect of 5-FU chemotherapy is mucositis 
with ulceration in the oral cavity (Atiq et al. 2019). 
There are five stages to the 5-FU-induced change 
in the mucosa: the production and up-regulation of 
messenger signals by chemotherapy, the signaling 
through inflammatory mediators, the amplification 
of mucosal damage, ulceration, and the start of 
the healing process (Menezes-Garcia et al. 2018). 
Chemotherapy 5-FU will cause an increase in the 
activity of Cyclooxygenase-2 (COX-2), Caspase-1, 
inducible nitric oxide synthase (iNOS), and pro-
inflammatory cytokines such as Interleukin-1 beta (IL-
1β), Interleukin-6 (IL-6), and Tumor necrosis factor 
alpha (TNF-α) (Chang et al. 2012; Miao et al. 2011). 
The inflammatory response will worsen the mucosal 
damage in oral mucositis by inducing increased 
levels of COX-2, IL-1β, and caspase-1, which 
contribute to pain, tissue damage, and pyroptosis, a 
form of inflammatory cell death (Molina et al. 2020). 
COX-2 promotes the production of prostaglandins, 
leading to pain and inflammation, while IL-1β plays 
a key role in pyroptosis, exacerbating tissue injury 
(Opdenbosch and Lamkanfi 2019). Caspase-1 is 
essential for activating IL-1β and IL-18, amplifying 
the inflammatory cascade (Barbosa et al. 2018). These 
biomarkers are crucial for diagnosing and managing 
mucositis, as they assist in predicting the condition's 
severity (Shibuya 2011). Additionally, vascular 
endothelial growth factor (VEGF) expression, which 
promotes angiogenesis and tissue regeneration, is 
upregulated during mucositis (Hong et al. 2019). 
Inhibiting the inflammatory response and regulating 
oral bacterial dysbiosis is the most recent preventative 
strategy for improving oral mucositis and the patient's 
quality of life (Davarmanesh et al. 2009).

	Current management strategies for mucositis 
primarily focus on preserving mucosal health 
(Chaudhry and Ehtesham 2023); however, synbiotic-
based therapies, such as synbiotic yogurt containing 
roselle (Hibiscus sabdariffa) extract, offer a promising 
alternative by potentially modulating the inflammatory 
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2.2. Sample Criteria 
	Sample criteria include those who meet the inclusion 

and exclusion criteria. Rattus norvegicus strain Sprague 
Dawley rats, male, healthy, weighing 350-400 g, and 
aged 10-12 weeks, are the inclusion criteria for the study. 
Sick and disabled experimental animals before the study 
were excluded from the research, while those that died 
before the treatment was completed were considered 
to drop out. All treatments and examinations were 
carried out by analysts (double blinding). All study 
samples were evaluated daily, and if any rat died before 
the completion of treatment, they were removed and 
considered a dropout. Meanwhile, treatment of the other 
rats was continued.

2.3. Preparation of Synbiotic Roselle Extract 
Yogurt 

Fresh cow's milk from a Friesteln Holland (FH) 
dairy farm at Bogor Agricultural University (IPB) was 
pasteurized at 115°C for 3 minutes, then milk inoculated 
with Lactobacillus plantarum IIA-IA5 as much as 5%  of 
the milk volume in the Laminar Flow Cabinet at 38-44°C 
for 4-6 hours to produce fermented milk. Lactobacillus 
plantarum IIA-IA5 was isolated from local Ongole 
crossbred beef, stored in lyophilized and slant agar at 
the Faculty of Animal Husbandry at IPB (registered 
in GenBank with access number OR47328-1). This 
fermented milk was incubated at 37°C for 18-20 hours 
to become prebiotic yogurt.

	Roselle extract petals weighing 2 kg were washed 
and cleaned with running water, then dried at room 
temperature without exposure to sunlight. After drying, 
the dried rosella flowers were ground using a blender and 
sieved using a 60-mesh sieve until 150 g of rosella was 
obtained in the form of flour. Rosella flour was dissolved 
using sterile distilled water with a ratio of 20 g: 100 
mL and pasteurized at a temperature of 100°C for 30 
minutes. After pasteurization, the rosella solution was 
filtered using filter paper and evaporated using a rotary 
evaporator at a speed of 90 rpm at a temperature of 60°C 
for 120 minutes to purify the solution. Then, freeze-
drying was carried out to obtain 39.750 g of rosella 
extract in powder form. The extract was stored in the 
freezer until used.

	IPB produces the yogurt used, that satisfies the 
Indonesian National Standard (SNI), is free from 
heavy metals (Pb, Cd, Hg, etc.), toxins (aflatoxin M1), 
and pathogenic bacteria (Salmonella sp. and Listeria 
monocytogenes), and is safe for consumption. Yogurt 
was combined into a glass beaker with the roselle extract 

as much as 10% of the yogurt volume, homogenized 
using stirring for 15 minutes, and kept in its original 
sealed container in the refrigerator at temperatures below 
40°F for up to 7 days. When stored properly, the shelf 
life of yogurt is seven to 14 days (Arief et al. 2016).

2.4. Experimental Group
The present study involved 24 male Rattus norvegicus 

Sprague-Dawley strain rats obtained from the Animal 
Laboratory Medical Faculty, Sebelas Maret University, 
aged three months and weighing approximately 250 
g. The rats were randomly assigned to four groups: 1) 
Healthy control (NC), a single intraperitoneal injection 
of 0.5 mL normal saline was administered as a placebo.; 
2) Disease control (PC); 3) Synbiotic roselle extract 
yogurt therapy (P1); and 4) Standard therapy with 
dexamethasone (P2).

Animal models administering 5-FU at a single dose 
of 200 mg/kgBW intraperitoneally will result in oral 
mucositis with weakened immune systems, failure to 
gain weight, and slowed epithelial regeneration on 
histopathological examination (Kim et al. 2023).

2.5. Animal Preparation
All groups were acclimated for a period of 7 days 

under controlled conditions: 12 hours of light and 12 
hours of darkness, with temperatures ranging from 22°C 
to 24°C, 60% to 70% humidity, and unlimited access to 
food and water.

2.6. Synbiotic Yogurt and Standard Therapy 
Intervention

The NC group received a placebo with no additional 
treatment. The PC group had mucositis induced through 
an intraperitoneal injection of 5-fluorouracil (Kalbe, 
Jakarta, Indonesia) at a dose of 200 mg/kg body weight. 
The P1 group underwent mucositis induction through 
an intraperitoneal injection of 5-FU 200 mg/kg body 
weight, followed by synbiotic roselle extract yogurt 
therapy at a dose of 1 mL per oral using an intragastric 
(i.g.) sonde, twice daily (morning and evening) for 
6 days, starting 2 days before undergoing mucositis 
induction. The P2 group had mucositis induced through 
an intraperitoneal injection of 5-FU 200 mg/kg body 
weight. It was then treated with an intraperitoneal 
injection of dexamethasone (Sanbe, Bandung, Indonesia) 
at a dose of 2.25 mg/kg body weight.

Rats from all groups were euthanized to collect 
buccal mucosa samples on days 4 (D4) and 7 (D7), with 
three samples collected per group.
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2.7. Bacterial Analysis and Histopathology
The experimental animals were anesthetized using 

ketamine 100 mg/kg (Bernofarm, Sidoarjo, Indonesia) 
and xylazine 7.5 mg/kg (Interchemie-Holland, 
Waalre, Netherlands) via intraperitoneal injection, 
then euthanized by neck dislocation, and their tongue 
mucosal tissue was collected. Tissue samples were taken 
by making an incision on the ventral tongue mucosa 
using a number 15 scalpel, with a size of 5×3×2 mm in 
the lesion area. The microbiology analyst performed a 
circular swab on the tissue; the swab was inserted into 
NB media, collected, and transported to the laboratory 
with transport media using an ice box. The sample 
will be plated on selective agar media (Laboratoires 
Humeu, La Chapelle-sur-Erdre Cedex, France) for the 
isolation of Lactic acid bacteria. Mannitol salt agar 
(MSA) was used for the isolation of Staphylococcus 
aureus and Staphylococcus epidermidis, MacConkey/
eosin methylene blue (EMB) agar for Escherichia coli, 
and cetrimide agar for Enterobacter aeruginosa. The 
samples were incubated with the agar medium and then 
inverted for bacteria at 37°C for 24-48 hours. Total Plate 
Count (TPC) is one method that can be used to count the 
number of microbes on agar media. Plates showing 30-
300 colonies of bacteria will be colony counts counted 
using a light microscope (Olympus, Tokyo, Japan) as 
colony-forming units (CFU) per gram. Histopathological 
analysis was conducted using hematoxylin and eosin 
staining, with hematoxylin (catalog number ab220365, 
Abcam, Cambridge, UK) and eosin Y (catalog number 
ab246823, Abcam, Cambridge, UK). The IHC was 
performed to detect COX-2 and caspase-1.

2.8. Histopathological Staining
Samples taken from the tongue mucosal tissue 

were placed in pots containing 10% buffered formalin 
and labeled with the sample code. The samples were 
sent to the anatomical pathology laboratory, Faculty 
of Medicine, Universitas Sebelas Maret, Surakarta, 
Indonesia, and left for 24 hours. Then, the tissues to 
be tested were sectioned. Next, the tested tissues were 
melted paraffin and shaped into paraffin blocks. Paraffin-
embedded oral mucosal tissues were sectioned to a 
thickness of 4 μm and stained with hematoxylin-eosin 
solution. Pathological processes in the oral mucosal 
tissues, including COX-2 expression, as well as the 
extent of inflammation (IL-1β levels), degeneration 
(VEGF levels), and necrosis (caspase-1 expression), 
were evaluated using light microscopy (Olympus, 
Tokyo, Japan) at 400x and 200x magnifications. 

Histological assessment was performed independently 
by a pathologist. The findings were classified according 
to the following scale: 0: none (normal mucosa), 1: mild 
(focal or diffuse alteration of basal cell layer with nuclear 
atypia), 2: moderate (epithelial thinning in 2-4 cell 
layers), 3: substantial (loss of epithelium without a break 
in keratinization or presence of atrophied eosinophilic 
epithelium and bullous formation), and 4: severe 
(complete loss of epithelial and keratinized cell layers; 
ulceration) (Kiyonaga et al. 2020). All samples from 
each group were assessed based on these criteria, and the 
final score was given as the mean and standard deviation 
(SD), as well as a description of the histopathology of 
each group.

2.9. Measurement of IL-1β Levels in Serum and 
VEGF in Tissue

The levels of IL-1β in serum and VEGF in tissue 
samples were measured using specific ELISA kits, with 
IL-1β levels measured using the Rat IL-1β Elisa Kit 
with ID-ER3959 (Eiyue, Wuhan, China). In contrast, 
VEGF was measured using the Rat VEGF Elisa Kit with 
ID-ER4396 (Eiyue, Wuhan, China). The measurement 
protocols adhered to the manufacturer's instructions 
provided with the kits. Biotin-conjugated antibodies 
as detection antibodies in 96-well plates. The wells 
were filled with a standard solution, samples, and 
biotin-conjugated detection antibody. Horseradish 
peroxidase (HRP)-streptavidin was then added to 
the wells. To see the enzymatic reaction of HRP, the 
substrate 3,3′,5,5′-tetramethylbenzidine is used. The 
optical density in a microtiter reader (xMark, Bio-Rad 
Laboratories, Inc., California, USA), proportional to the 
intended amount of sample, was recorded on the plate 
at 450 nm absorbance.

2.10. Immunohistochemistry (IHC) Staining
The specimens were fixed in a closed container labeled 

with the sample number and containing 10% formalin 
buffer solution for 24 hours. The specimen is processed 
for cutting the tissue to be studied, embedded in melted 
paraffin, and formed into a paraffin block. The paraffin 
blocks were sectioned using a microtome knife into four 
μm thick slices, which were subsequently stained with 
hematoxylin and eosin Y. The IHC staining for COX-
2 (catalog number a1253, Abclonal, Massachusetts, 
USA) and caspase-1 (catalog number a21296, Abclonal, 
Massachusetts, USA) was performed. The paraffin-
embedded slides were deparaffinized before staining in 
an oven at 55°C for 10 minutes, changing xylene twice 



for 5 minutes each. Dip the slides in graded alcohol 
(100%, 95%, and 70%) for 5 minutes, wash with pure 
water (H2O) for 5 minutes, then dry the slides. Incubate 
the slides in prediluted blocking serum at 25°C for 10 
minutes, and add 100 µL of primary antibodies (COX-2 
or caspase-1), left for 24 hours at 4°C. The smears were 
read using an Olympus light microscope with a wide field 
of view (magnification 400x), and COX-2 and caspase-1 
expression scales were assessed. Counterstaining was 
conducted using 3,3’-diaminobenzidine (DAB) (catalog 
number K3468, Dako, Carpinteria, California, USA).

2.11. Study Variables
Data were collected at two time points, days 4 and 7, 

including oral microbiota, inflammatory markers (COX-
2, IL-1β, and caspase-1), and VEGF.

Oral microbiota is the identification and counting of 
the number of bacterial colonies present in a sample, 
calculated using the Total Plate Count method, with data 
presented in the form of a table as mean ± SD. COX-2 
is a transcription factor that produces pro-inflammatory 
cytokines, as determined by IHC examination, with data 
presented in the form of a table and images as mean ± SD. 
IL-1β is a multifunctional cytokine that plays an important 
role in regulating several cellular processes, including 
self-renewal and cell differentiation, as calculated using 
ELISA examination, with data presented in the form 
of a table and graphs as mean ± SD. Caspase-1 is a 
protease enzyme involved in the processes of pyroptosis 
and inflammation, as determined by IHC examination, 
with data presented in the form of a table and images as 
mean ± SD. VEGF plays a major role in the formation of 
new blood vessels (angiogenesis) and endothelial cells 
to stimulate cell growth and proliferation, as calculated 
using ELISA examination, with data presented in the 
form of a table and graphs as mean ± SD.

2.12. Statistical Analysis
The results were presented as mean and standard 

deviation (SD). Data normality was assessed using 
the Shapiro-Wilk analysis. The analysis of variance 
(ANOVA) test was used for normally distributed data, 
while the Kruskal-Wallis test was employed for non-
normally distributed data, with statistical significance 
defined as p < 0.05. The two-way ANOVA test was used 
to determine the effect of the study group factors on the 
examination time (days 4 and 7). In comparison, the 
one-way ANOVA test was used to assess the impact of 
the group at one examination time. If there was statistical 
significance, a Post Hoc test was performed. Analyze the 

results using SPSS 25.0 statistical software (IBM, New 
York, USA) and show utilizing GraphPad Prism version 
10.2.2 (GraphPad Software, Inc., San Diego, USA).

3. Results

The results reveal that synbiotic roselle extract 
yogurt promotes the growth of beneficial microbiota, 
namely lactic acid bacteria (6.91±0.87), and decreases 
pathogenic bacteria, such as Staphylococcus aureus 
(3.89±0.05), Escherichia coli (0), and Enterobacter 
aerogenes (1.78±0.29). In addition, synbiotic rose extract 
yogurt therapy will reduce inflammatory markers such as 
COX-2 and caspase-1 expression (p<0.05), IL-1β levels 
(48.02±10.29) with p=0.007, and increase cell growth and 
proliferation, namely VEGF (0.07±0.03) with p=0.011.
  
3.1. Effect of Synbiotic Roselle Extract Yogurt 
on Microbiological Profile

Lactic acid bacteria were detected only in the synbiotic 
roselle extract yogurt therapy group (6.91±0.87 on day 4 
and 7.15±0.37 on day 7) and the standard therapy group 
(6.19±0.16 on day 4 and 6.79±0.55 on day 7), indicating 
enhanced growth of beneficial microbiota. No colonies 
were observed in the healthy control or disease control 
groups. Total microbial counts exceeded 10⁷ CFU/g across 
all groups, with the highest levels in the synbiotic roselle 
extract yogurt therapy group, suggesting no reduction 
in the overall microbial population.

The count of Staphylococcus aureus was elevated in 
the disease control group and reduced in the synbiotic 
roselle extract yogurt therapy and standard therapy 
groups. Staphylococcus epidermidis was detected across 
all groups, including negative controls, with a slightly 
reduced population in the synbiotic roselle extract yogurt 
therapy group. Escherichia coli was detected only in 
the disease control group and was absent in the healthy 
control, synbiotic roselle extract yogurt, and standard 
therapy with dexamethasone groups, suggesting that 
synbiotic roselle extract yogurt may inhibit Escherichia 
coli growth. Enterobacter aerogenes was also present in 
the disease control group, with lower counts observed 
in the synbiotic roselle extract yogurt therapy group. 
Detailed microbiological results are presented in Table 1.

  
3.2. Effect of Synbiotic Roselle Extract Yogurt 
on IL-1β Levels

In this study, a two-way ANOVA test revealed no 
significant interaction between the time factor (day 4 
and day 7) and the treatment groups (p=0.174), nor was 
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there a significant difference in IL-1β levels between 
the two time points (p=0.937). These findings indicate 
that IL-1β levels remained stable over time (Figure 1).

Different treatments exhibited varied effects over time, 
with a marked increase in IL-1β levels observed in the 
disease control group over the healthy control group on 
day 7 (p=0.011). 

The synbiotic roselle extract yogurt therapy group 
demonstrated a reduction in IL-1β levels over the disease 
control group on day 7 (p=0.007), indicating its potential 
to mitigate inflammation. The standard therapy with the 

dexamethasone group exhibited a moderate increase in 
IL-1β levels over the same period compared to the disease 
control group, highlighting the progression of untreated 
inflammation (p=0.044). The synbiotic roselle extract 
yogurt therapy group showed no significant difference 
from the standard therapy group (p=0.292).

3.3. Effect of Synbiotic Roselle Extract Yogurt 
on VEGF Levels 

In this study, a two-way ANOVA test revealed no 
significant interaction between the time factor (day 4 

Type of microbiota

Lactic acid bacteria
Total plate count 
Staphylococcus aureus
Staphylococcus epidermidis
Escherichia coli
Enterobacter aerogenes

Population (log CFU g-1)
NC
0

7.46±0.02
2.73±0.04
4.11±0.07

0
0

PCa
0

7.08±0.02
4.06±0.01
4.25±0.01
1.85±0.01
2.39±0.01

P1a
6.91±0.87
7.70±0.37
3.89±0.05
4.14±0.04

0
1.78±0.29

P2a
6.19±0.16
7.73±0.43
3.47±0.40
4.19±0.05

0
2.43±0.08

PCb
0

7.46±0.01
3.89±0.01
4.21±0.03
1.87±0.03
2.30±0.12

P1b
7.15±0.37
7.78±0.32
3.90±0.13
4.14±0.06

0
1.17±0.17

P2b
6.79±0.55
7.29±0.27
4.02±0.05
4.28±0.01

0
1.91±0.16

Table 1. Microbiological profile across groups

Abbreviation: NC (healthy control rats); PCa (disease control rats, day 4 termination); P1a (synbiotic roselle extract yogurt therapy rats, 
day 4 termination); P2a (standard therapy with dexamethasone rats, day 4 termination); PCb (disease control rats, day 7 termination); 
P1b (synbiotic roselle extract yogurt therapy rats, day 7 termination); P2b (standard therapy with dexamethasone rats, day 7 termination)
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Figure 1. A bar graph depicts serum IL-1β levels in four rat groups on days 4 and 7
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and day 7) and the treatment groups (p=0.251), and no 
significant difference in VEGF levels between the two 
time points (p=0.759). These findings indicate that VEGF 
levels remained stable over time, as illustrated in Figure 2.

A significant difference among the treatment groups 
on day 7 (p=0.008) indicates that treatment variations 
had a substantial impact on VEGF levels. The data 
demonstrate that VEGF levels remained relatively stable 
from day 4 to day 7 in the disease control (PC) and 
standard therapy with the dexamethasone group (P2). 
In contrast, the healthy control (NC) group showed a 
significant increase in VEGF levels on day 7 compared to 
the disease control group (p=0.004). The synbiotic roselle 
extract yogurt therapy group (P1) exhibited generally 
increased VEGF levels at both time points, compared 
to the disease control group (p=0.026; p=0.011). There 
was a significant difference between the synbiotic roselle 
extract yogurt therapy group compared to the standard 
therapy group (p=0.017; p=0.016).

3.4. Effect of Synbiotic Roselle Extract Yogurt 
on COX-2 and Caspase-1 Expression

The study findings indicate that the timing of 
observations (day 4 and day 7) does not significantly 
affect COX-2 expression, the degree of inflammation, or 
caspase-1 expression in the rat tissues analyzed. One-way 
ANOVA analysis confirmed no significant differences in 
COX-2 expression, inflammatory markers (lymphocyte 
and macrophage counts), or caspase-1 expression between 

the two time points, suggesting that temporal factors did 
not influence the measured variables.

Significant differences were observed among the 
treatment groups for all parameters, including COX-2 
expression, the degree of inflammation, and caspase-1 
expression (Figures 3 and 4). These findings underscore 
the critical influence of treatment type on the outcomes 
assessed (Tables 2 and 3).  

4. Discussion

This study explores the impact of different treatments 
on inflammation and microbial balance in a rat model 
of oral mucositis, comparing synbiotic roselle extract 
yogurt therapy and standard therapy to disease control 
groups.

Lactic acid bacteria were not detected in the healthy 
control or disease control groups. In contrast, in the group 
treated with synbiotic roselle extract yogurt, there was 
an increase in lactic acid bacteria, indicating that this 
treatment supports the proliferation of beneficial bacteria. 
Although the total microbial count remained elevated 
across all groups, the highest counts were observed in the 
synbiotic roselle extract yogurt therapy group, suggesting 
selective enhancement of beneficial microbes without 
significantly reducing the overall microbial load.

Several studies have explained that the administration 
of 5-FU will cause oral mucositis in as much as 50-79%. 
The current strategy for mucositis therapy is to maintain 
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Figure 2. The graph illustrates the serum VEGF levels in different groups of rats measured on day 4 and day 7
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Figure 3. The results of COX-2 expression were obtained from immunohistochemistry examination in all experimental groups. Bar: 100 
μm, magnification 400x. In the NC group, red arrows indicate neutrophils lacking COX-2 expression in their cytoplasm on 
both Day 4 and Day 7. In contrast, the PC group displayed neutrophils expressing COX-2 with a positive 2+ intensity in their 
cytoplasm on both days, as indicated by the red arrows. The P1 and P2 groups showed no COX-2 expression in the cytoplasm of 
neutrophils on either Day 4 or Day 7
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Table 2. Immunohistochemistry results of COX-2 expression 
between experimental groups

NC, healthy control; PC, disease control; P1, synbiotic roselle extract 
yogurt therapy; P2, standard therapy; COX-2, cyclooxygenase-2; 
SD, standard deviation. 0: none (normal mucosa), 1: mild (focal 
or diffuse alteration of basal cell layer with nuclear atypia), 2: 
moderate (epithelial thinning in 2–4 cell layers), 3: strong (loss 
of epithelium without a break in keratinization or presence of 
atrophied eosinophilic epithelium and bullous formation), and 4: 
severe (complete loss of epithelial and keratinized cell layers; 
ulceration)

Table 3. Immunohistochemistry results of Caspase-1 expression 
between experimental groups

NC, healthy control; PC, disease control; P1, synbiotic roselle extract 
yogurt therapy; P2, standard therapy; SD, standard deviation. 
0: none (normal mucosa), 1: mild (focal or diffuse alteration 
of basal cell layer with nuclear atypia), 2: moderate (epithelial 
thinning in 2–4 cell layers), 3: strong (loss of epithelium without 
a break in keratinization or presence of atrophied eosinophilic 
epithelium and bullous formation), and 4: severe (complete loss 
of epithelial and keratinized cell layers; ulceration)
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Figure 4. The results of caspase-1 expression were obtained from immunohistochemistry examination in all experimental groups. Bar: 100 
μm, magnification 400x. In the NC group, neutrophils within blood vessels, indicated by red arrows, do not express caspase-1 
on days 4 and 7, as evidenced by blue cytoplasm rather than brown. The PC group shows weak caspase-1 expression in the 
cytoplasm, marked by a brownish hue, on both days. In contrast, neutrophils in the P1 and P2 groups exhibit no caspase-1 
expression in their cytoplasm on either day 4 or day 7

mucosal health and prevent the growth of harmful 
pathogenic bacteria (S. aureus and E. coli) (Hong et 
al. 2019). The reduction in Staphylococcus aureus and 
Enterobacter aerogenes in the synbiotic roselle extract 
yogurt and standard therapy groups, compared to the 
disease control group, suggests that these treatments 
suppress harmful pathogens. The absence of Escherichia 
coli in synbiotic roselle extract yogurt therapy groups 
further supports the pathogen-suppressing effect of 
synbiotic roselle extract yogurt, thereby preventing 
the onset of infections by these pathogenic bacteria. 
Research by Papadeas et al. (2007) found that the 5-FU 
chemotherapy directly damaged the basal epithelial 
cell layer and reduced the microbiota, especially lactic 
acid bacteria, causing clonogenic cell death, mucosal 
atrophy, ulceration, and inflammation due to harmful 
pathogenic germs. Lactic acid bacteria (LAB) have 
provided promising results, both in vitro and in vivo, 
in inflammatory models of mucositis (Papadeas et al.  

2007). Thus, the increase in lactic acid bacteria can 
prevent the growth of harmful pathogenic bacteria (S. 
aureus and E. coli) in the oral mucosa, thereby preventing 
the occurrence of oral mucositis.

Total microbial counts in this study exceeded 10⁷ 
CFU/g across all groups, with the highest levels in 
the synbiotic roselle extract yogurt therapy group 
(7.78±0.32), suggesting no reduction in the overall 
microbial population. The synbiotic rosella extract yogurt 
had higher viscosity and higher ash content, indicating 
changes in physical characteristics due to metabolism 
during fermentation (Jaman et al. 2022). The combination 
of probiotic Lactobacillus plantarum IIA-1A5 and 
rosella extract showed synergistic effects, increasing 
antioxidant, antihypertensive, and antimicrobial (total 
plate count/TPC) activities compared to yogurt without 
added rosella extract (Arief et al. 2016).

Inflammatory analysis indicated that IL-1β levels 
were significantly influenced by the type of treatment 
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(Ren and Torres 2009; Hendriyanto et al. 2023). The 
synbiotic roselle extract yogurt therapy group showed a 
reduction in IL-1β levels from day 4 (48.45±7.68) to day 
7 (44.30±10.29) with p=0.007, suggesting that synbiotic 
roselle extract yogurt may mitigate inflammation through 
anti-inflammatory pathways and enhancement of 
beneficial microbiota (Mantri et al. 2024). In contrast, the 
disease control group exhibited a significant increase in 
IL-1β levels (65.61±1.42) compared to the healthy group 
(44.85±2.91), with p=0.011, reflecting the progression 
of inflammation in the absence of intervention (Al-
Qahtani et al. 2024). The standard therapy group showed 
a decrease, indicating a protective effect with p=0.044, 
though less pronounced than that of synbiotics roselle 
extract yogurt therapy.

IL-1β, a key inflammatory cytokine, regulates 
immune and inflammatory responses (Lopez-Castejon 
and Brough 2011). Elevated serum IL-1β levels reflect 
inflammation severity, particularly in conditions such 
as mucositis, where inflammation is central (Diesch et 
al. 2021). Chemotherapy or radiation-induced damage 
initiates an inflammatory response, promoting immune 
cell migration and tissue repair (Hendriyanto et al. 2025). 
Studies suggest that targeting pyroptosis pathways can 
mitigate inflammation and cellular injury (Lieberman et 
al.  2019; Ashkavandi et al. 2024). The findings highlight 
the significant impact of synbiotic yogurt in modulating 
serum IL-1β levels in Sprague-Dawley rats. 

Synbiotics roselle extract yogurt appears to exert anti-
inflammatory effects, potentially through modulation of 
microbiota and anti-inflammatory pathways (Mahfudh et 
al. 2020). Stable IL-1β levels in the healthy control group 
indicate an unaffected system, whereas the substantial 
increase in the disease control group underscores the 
impact of untreated inflammation (Curra et al. 2022). 
The moderate increase in the standard therapy group 
suggests partial protective effects, though less effective 
than synbiotic roselle extract yogurt therapy.

The analysis of VEGF levels further supports these 
findings. While no significant differences were observed 
between days 4 and day 7 with p=0.251, the significant 
variation among synbiotic roselle extract yogurt therapy 
and standard therapy groups highlights the influence 
of the treatments. The synbiotic roselle extract yogurt 
therapy group showed a significant increase in VEGF 
levels (p=0.011), indicating a protective effect, which 
may lead to the formation of new endothelial cells to 
stimulate growth and cell proliferation. In contrast, the 
disease control group exhibited a significant decrease 
compared to the healthy group (p=0.004), reflecting 
an uncontrolled inflammatory response. The standard 

therapy group showed consistently lower VEGF levels 
overall (p>0.005), with a slight increase, indicating a 
moderate capacity to regulate VEGF expression and 
associated angiogenic responses (Ferrara 2004).

The observed differences in VEGF levels among the 
treatment groups suggest that the synbiotic treatment 
(P1) may exert a protective effect by maintaining stable 
VEGF levels. In contrast, the disease control (PC) group 
exhibited an increased VEGF response, indicative of a 
heightened inflammatory state in the absence of treatment. 
The standard therapy with dexamethasone group (P2) 
demonstrated consistently lower VEGF levels overall, 
with a slight increase from day 4 to day 7, potentially 
reflecting a moderate regulatory effect of this therapy 
on VEGF levels.

The expression of COX-2 and caspase-1 demonstrated 
that the time factor did not significantly affect these 
markers (p>0.05). However, significant differences 
between the synbiotic roselle extract yogurt therapy 
and standard therapy groups highlighted the importance 
of the treatment type. The synbiotic roselle extract 
yogurt therapy group showed significant reductions in 
COX-2 expression, caspase-1 expression, and overall 
inflammatory markers compared to the disease control 
group (p<0.05), indicating a robust anti-inflammatory 
effect. The standard therapy group also reduced these 
parameters, though to a lesser extent, suggesting some 
efficacy, but not as potent as synbiotic roselle extract 
yogurt therapy. These findings align with previous 
research suggesting that cytokines, such as tumor necrosis 
factor-alpha (TNF-α), IL-1β, and interleukin-6 (IL-6), 
play a crucial role in upregulating VEGF expression, 
thereby promoting angiogenesis in various inflammatory 
conditions (Geindreau et al. 2022; Abdullah et al. 2023). 
Emphasizing inflammatory cytokines will encourage 
the process of angiogenesis and the growth of mucosal 
cells, thus preventing the occurrence of oral mucositis 
(Nascimento-Junior et al. 2017). Furthermore, COX-
2 is a key mediator that enhances VEGF production, 
supporting the notion that COX-2 expression contributes 
to increased VEGF levels observed in inflammatory 
diseases (Frejborg et al. 2020). This interplay between 
COX-2 and VEGF regulation is evident in the synbiotic 
roselle extract yogurt therapy group, where significant 
reductions in COX-2 expression correlate with stable 
VEGF levels, suggesting a potential mechanism for 
the observed anti-inflammatory effects (Angelo and 
Kurzrock 2007).

The synbiotic roselle extract yogurt therapy group 
demonstrated a significant reduction in COX-2 expression, 
the degree of inflammation, and caspase-1 expression, 
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compared to the disease control group. These results 
suggest that synbiotic roselle extract yogurt possesses a 
stronger anti-inflammatory effect than other treatments. 
The standard therapy group also showed reductions in 
all three parameters, albeit to a more moderate extent 
compared to the synbiotic roselle extract yogurt therapy 
group. This result indicates that standard therapy is 
effective in reducing inflammation and the expression 
of inflammatory markers such as COX-2 and caspase-1. 
However, it is less potent than synbiotic roselle extract 
yogurt therapy. In contrast, the disease control group 
exhibited higher levels of COX-2 expression, caspase-1 
expression, inflammation, and macrophage counts. This 
result is consistent with ongoing inflammation in the 
absence of intervention. These findings highlight the 
critical role of treatment type in managing inflammation 
and modulating the expression of inflammatory markers. 
Synbiotic roselle extract yogurt therapy appears to be 
more effective in reducing inflammation than either 
standard therapy or no treatment, suggesting its potential 
as a superior intervention for inflammatory conditions 
such as oral mucositis.

Collectively, these findings underscore the critical 
role of treatment type in managing inflammation and 
maintaining microbial balance, so that the incidence 
of oral mucositis can be prevented. Synbiotics roselle 
extract yogurt demonstrates superior efficacy compared 
to standard therapy or no treatment in reducing 
inflammation and inhibiting pathogenic bacteria, 
positioning them as a potentially more effective 
intervention for inflammatory conditions such as oral 
mucositis. This study has limitations, including the use 
of only one dose of synbiotic roselle extract yogurt (1 
mL), which prevents the determination of the optimal 
dose for oral mucositis therapy due to 5-FU. Additionally, 
this study did not examine the effects of synbiotic roselle 
extract yogurt on the anti-cancer effects of 5-FU. Further 
research is recommended using three doses of synbiotic 
roselle extract yogurt to obtain the optimal dose for 
oral mucositis therapy without interfering with the 
effectiveness of 5-FU chemotherapy as an anti-cancer 
agent.

In conclusion, the administration of synbiotics, roselle 
extracts, yogurt, and standard therapy with dexamethasone 
both influence inflammation (anti-inflammatory) and 
maintain microbial balance (antibacterial) in a rat 
model of oral mucositis. The synbiotic roselle extract 
yogurt therapy group showed increased beneficial 
lactic acid bacteria and tissue regeneration (VEGF), 
reduced pathogenic bacteria (Staphylococcus aureus, 

Escherichia coli, and Enterobacter aerogenes), and lower 
inflammatory markers (COX-2, IL-1β, and caspase-1), 
indicating a strong anti-inflammatory effect. Standard 
therapy of dexamethasone also regulated inflammation 
(COX-2, IL-1β, and caspase-1) and microbial composition 
(Staphylococcus aureus and Escherichia coli), though 
less effectively. These findings suggest synbiotic roselle 
extract yogurt has superior potential value over standard 
therapy (dexamethasone) in managing inflammation, 
tissue regeneration, and maintaining microbial balance.
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