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Abstract New approaches to treating periodontal diseases aim to balance sustaining the natural

oral microbiota and modifying the host immune response. Gum Arabic (GA) is a natural polysac-

charide rich in prebiotics.

The aim of this study was to assess the effect of GA on clinical (Plaque Index (PI), Gingival Index

(GI)) and immunological (Gingival Crevicular Fluid Interleukin 1 Beta (GCF IL-1 b)) parameters

in patients with plaque-induced gingivitis.

Materials and methods: This placebo-controlled, double-blinded randomised clinical trial was

conducted at the Department of Periodontology at Khartoum Dental Teaching Hospital, Khar-

toum, Sudan, from July to October 2016. Patients diagnosed with plaque-induced gingivitis meeting

the study eligibility criteria were enrolled. At baseline, PI, GI and GCF IL-1b were measured.

Patients received full-mouth scaling and were randomly assigned to receive either GA powder (in-

tervention group) or Microcrystalline cellulose powder (placebo group). The patients were

instructed to apply the treatment twice a day throughout the study. The PI, GI and GCF IL-1b
were reassessed after 30 and 60 days.
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Results: A total of 60 patients were enrolled (30 in each group). Compared to the placebo group,

the intervention group showed a statistically significant reduction in GI scores after 30 days and

improved PI scores at 30 and 60 days. Between baseline and 60 days, patients who received GA

exhibited a significant reduction in GCF IL-1b levels compared to the placebo group.

Conclusion: GA was found to be effective in controlling plaque and gingivitis.

Clinical Trial Registration. ISRCTN registry ISRCTN14209449.

� 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Periodontal disease is considered the 11th most prevalent dis-

ease worldwide (Tonetti et al., 2017). By causing teeth loss,
severe periodontitis may affect aesthetics, nutrition, and
speech and masticatory function, leading to low self-esteem

and poor quality of life (Tonetti et al., 2017). Periodontitis is
preceded by gingivitis, an inflammation of the gingiva caused
by dental plaque. Gingivitis is associated with an increase in

inflammatory mediators and cytokines, including Interleukin
1 beta (Heasman et al., 1993) and changes in the gingival
crevicular fluid (GCF) (Greenstein, 1984). GCF is an inflam-
matory exudate that carries biological markers of inflamma-

tion (Stadler et al., 2016). GCF is a valuable diagnostic tool
because it reflects the inflammatory status of the gingiva
(Engebretson et al., 2002) and can be collected through a sim-

ple, non-invasive procedure.
Due to the direct association between plaque levels and gin-

givitis (Loe et al., 1965), treatment focuses on the mechanical

removal of plaque through scaling and root planing. When this
is insufficient, chemical plaque control agents are often consid-
ered adjuvant treatments. However, these remedies are often

associated with side effects such as discolouration of teeth
and unpleasant taste in the mouth (Brecx et al., 1993).

New approaches to treating periodontal diseases aim to
balance sustaining the natural oral microbiota and modifying

the host immune response cautiously. Probiotics and prebi-
otics are examples of this modality (Devine and Marsh,
2009; Teughels et al., 2011).

Probiotics are ‘‘live microorganisms that when administered
in adequate amounts, confer a health benefit on the host”
(Joint FAO/WHO Working Group, 2002). Prebiotics are

non-digestible oligosaccharides that affect the proliferation
of resident bacteria that may exert probiotic effects (Gibson
and Roberfroid, 1995). The effectiveness of probiotics and pre-

biotics in improving gastrointestinal health has encouraged
their use in treating oral diseases (Reid et al., 2003). Prebiotics
can promote the growth of beneficial microorganisms within
the oral microbiota (Devine and Marsh, 2009).

Gum Arabic (GA) is a natural polysaccharide rich in prebi-
otics (Mariod, 2018) and a Sudanese national commodity. It is
a dried exudation obtained from the Acacia Senegal or Acacia

Seyal trees. GA has documented prebiotic functionality in
humans (Calame et al., 2008), as well as antimicrobial
(Tambekar et al., 2009); Ali et al., 2020) and anti-plaque effects

(Pradeep et al., 2012).
This study objective was to assess the effect of GA on clin-

ical (Plaque Index (PI), Gingival Index (GI)) and immunolog-
ical (Gingival Crevicular Fluid Interleukin 1 Beta (GCF IL-1

b)) parameters in patients with plaque-induced gingivitis.
2. Material and methods

A placebo-controlled, double-blinded clinical trial was con-

ducted at the Department of Periodontology at Khartoum
Dental Teaching Hospital, Khartoum, Sudan, from July to
October 2016. Patients diagnosed with plaque-induced gingivi-

tis meeting the study eligibility criteria described in Fig. 1 were
enrolled. Patients were arbitrarily assigned to the intervention
or placebo group based on a computer-generated list.

The calculated sample size (Kelsey calculation) was 56, with
28 per group (95% CI, 80% power, 35% improved parameters,
and the ratio of the exposed to unexposed was 1:1). Accounting
for dropouts, 30 patients were recruited in each group. Patients

were assigned by restricted randomisation (blocking) computer
generation for allocation. The block size was six, and the allo-
cation ratio was 1:1 (Pradeep et al., 2012, 2010).

2.1. Intervention procedures

All patients received a 10 ml normal saline preprocedural

mouth rinse at baseline, followed by a clinical assessment.
The GI and PI scores were first measured, and then GCF sam-
ples were collected, followed by full mouth scaling.

The intervention group received 150 g containers of GA in
the form of a pale white powder. The placebo group received
150 g containers of microcrystalline cellulose (MC) in the form
of a pale white powder, similar to GA. MC is a pharmacolog-

ically inactive substance composed of purified, partially
depolymerised cellulose (FAO, 2017).

Patients were instructed to use their fingers to apply half a

teaspoon of the powder to the buccal surfaces of all dento-
gingival areas, without rubbing, for five minutes before rinsing
with tap water, one hour after tooth brushing, twice daily

(morning and evening) (Pradeep et al., 2010). The use of other
mouthwashes was prohibited. Patients were advised to report
any allergic reactions or complications and to stop using the

powder immediately in such cases. No adverse effects were
reported.

After 30 and 60 days from the baseline assessment, GI, PI
and GCF IL-1b levels were assessed. Patients received another

sealed container of 150 g (GA or MC) during the follow-up
visits.

2.1.1. Clinical outcome measures

The primary outcome measures were the Plaque index (PI)
(Silness and Löe 1964 – PI), the Gingival Index (GI) (Löe
and Silness 1963 – GI) and the GCF Interleukin 1 Beta

(GCF IL-1 b) level.
GI and PI scores were manually collected from four tooth

surfaces (buccal, lingual, mesial and distal) using a graduated

http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 1 Patient Flow chart.
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William’s periodontal probe (HuFreidy�, IL, US) and a den-
tal mirror.

The measurements were conducted by the trained and cal-

ibrated principal investigator (AG). An intra-rater reliability
test was performed (Rodrigues et al., 2009). Cohen’s Kappa
for PI and GI were 0.854 and 0.776, respectively, indicating

almost perfect to substantial agreement (Cohen, 1960).
GCF was collected from the mesiobuccal surface of the lat-
eral incisor, canine and first premolar of the upper right quad-
rant. First, the GCF collection site was isolated using cotton

rolls and air dried. The supragingival plaque was removed
using a universal curette. A paper point was then inserted into
the gingival crevice and stored for 30 s. The paper points were

then stored in cryovial tubes at �80 �C.
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The samples were analysed using enzyme-linked
immunosorbent assays (ELISA). IL-1b was measured in ali-
quots of cell-free supernatants by a sandwich ELISA using a

set of reagents provided by Bio Legends ELISA MAX Deluxe
(Bio Legend�, US). The ELISA procedure was performed
according to the supplier’s instructions. The optical density

was measured using a microplate reader instrument at
450 nm (Thermo Fisher Scientific�, Finland). The IL-1b level
was determined using plotted standard curves on Microsoft

Excel 2016 software.

2.1.2. Data management and statistical analysis

Data was analysed using an intention-to-treat approach.

Diagnosis of generalised mild to moderate plaque-induced
gingivitis was based on the following criteria: Gingival Index

(GI) score > 1, Plaque Index (PI) score > 1, pocket probing
depth < 3 mm, clinical attachment loss = 0 and no clinical
evidence of bone loss.

A mean GI score (MGS) and a mean PI score (MPS) gen-
erated for the comparator groups were calculated by adding
the GI and PI scores, respectively, and dividing by the total
number of surfaces in each group. The changes in the GI

and PI between measurement points (baseline or 0 days,
30 days, 60 days) are presented as GI percentage reduction
Table 1 Percentage distribution of sociodemographic variables of t

Sociodemographic Variables

Gender Male

Female

Age group 20–29 years

30–39 years

Marital status Single

Married

Occupation Employee

Student

Unemployed

Education

level

Completed

Secondary School

Completed

University Level

Oral hygiene tools used Tooth Brush

Tooth Brush & Miswa

Frequency of daily tooth brushing Once

Twice

Three times or more

Table 2 Comparison of the Mean Gingival Index Score (MGS) an

Placebo groups at the three measurement points. Intergroup compar

Mean Gingival Index Score (MGS) and the Mean Plaque Index Score (M

Intervention (Mean, SD)

MGS Baseline 1.45 0.29

30 days 1.09 0.22

60 days 0.95 0.26

MPS Baseline 1.37 0.48

30 days 0.84 0.25

60 days 0.88 0.29

*P < 0.05 ** P < 0.01 ***P < 0.001.
(% ± SD) and PI percentage reduction (% ± SD), respec-
tively. Percentage reduction was calculated using the following
formula:

[(Score at previous time point � Score at current time
point)/Absolute value of score at previous time point] * 100.

A dichotomous variable, the degree of plaque accumulation,

was created by dividing the data into moderate (mean PI of
patient < median PI) and severe (mean PI of
patient � median).

Similarly, a variable named the degree of gingival inflamma-

tion was created by dichotomising the GI data to mild (mean
GI of patient < median GI) and moderate gingival inflamma-
tion (mean GI of patient � median GI). Statistical analyses

were conducted using SPSS� (SPSS, Inc, Somers, NY, USA)
version 21.

3. Results

Seventy-one patients were recruited. Eleven patients were lost
to follow-up, resulting in 60 patients, with 30 in each group

(Fig. 1). This randomly selected sample showed no statistically
significant differences in age or gender between the two groups
(Table 1).
he study population. Intervention (n = 30), Placebo(n = 30).

Intervention n = 30

Count (%)

Placebo n = 30

Count (%)

5 (16.7) 10 (33.3)

25 (83.3) 20 (66.7)

22 (73.3) 27 (90)

8 (26.7) 3 (10)

26 (86.7) 30 (100)

4 (13.3) 0 (0)

10 (33.3) 4 (13.3)

13 (43.3) 23 (76.7)

7(23.3) 3 (10)

17(56.7) 24 (80)

13(43.3) 6 (20)

30(100) 29 (96.7)

k 0(0) 1 (3.3)

12(40) 18 (60)

16(53.3) 12 (40)

2(6.7) 0 (0)

d the Mean Plaque Index Score (MPS) for the Intervention and

ison by Mann-Whitney Test. (Mean, Standard deviation).

PS)

Placebo (Mean, SD) P-value

1.40 0.29 0.446

1.20 0.16 0.012*

1.10 0.22 0.052

1.48 0.50 0.359

1.16 0.22 0.0001***

1.12 0.23 0.002**
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3.1. MGS and MPS

At baseline, no statistically significant differences existed
between the MGS and MPS of the comparator groups
(p < 0.446, p < 0.359, respectively) (Table 2).

At 30 days, the intervention group’s MGS (1.09 ± 0.22)
was significantly lower than the placebo’s (1.20 ± 0.16)
(p < 0.012).

Similarly, at 30 days, the MPS in the intervention group (0.

84 ± 0.25) was significantly lower than that of the placebo (1.
16 ± 0.22) (p < 0.001).

At 60 days, the MPS of the intervention group showed a

slight increase (0.88 ± 0.29) from the previous measurement
at 30 days (0.84 ± 0.25). Despite this increase, the intervention
group’s MPS at 60 days remained significantly lower than that

of the placebo (1.12 ± 0.23) (p < 0.002).

3.1.1. GI percentage reduction

At 30 days, the intervention group exhibited a significant GI

reduction when compared to the placebo (p< 0.019) (Table 3).
Similarly, at 60 days, the intervention group showed a signifi-
Table 3 Comparison of the GI percentage reduction in the Interv

moderate inflammation. Intergroup comparison by Mann-Whitney T

GI Percentage Reduction

Interve

Interval %

All

Patients

Baseline to 30 days 22.33

30 to 60 days 10.74

Baseline to 60 days 33.07

Patients

with mild

inflammation

Baseline to 30 days 17.15

30 to 60 days 13.13

Baseline to 60 days 30.28

Patients with moderate

inflammation

Baseline to 30 days 34.40

30 to 60 days 5.17

Baseline to 60 days 39.57

*P < 0.05 ** P < 0.01.

Table 4 Comparison of the PI percentage reduction in the Interven

high plaque accumulation. Intergroup comparison by Mann-Whitne

PI Percentage Reduction

In

Interval %

All

Patients

Baseline to 30 days 35

30 to 60 days �3

Baseline to 60 days 31

Patients with moderate plaque Baseline to 30 days 35

30 to 60 days �2

Baseline to 60 days 33

Patients with high plaque Baseline to 30 days 34

30 to 60 days �7

Baseline to 60 days 27

*P < 0.05 ** P < 0.01.
cantly greater GI reduction when compared to the placebo
(p < 0.005).

The GI percentage reduction was compared in patients with

different degrees of gingival inflammation (mild or moderate).
In patients with mild gingival inflammation, the interven-

tion group exhibited a significantly greater GI percentage

reduction when compared to the placebo group at 30 days
(p < 0.007) and 60 days (p < 0.012). There were no statisti-
cally significant differences between the two groups in patients

with moderate gingival inflammation.

3.1.2. PI percentage reduction

At 30 days, the intervention group exhibited a significantly

greater PI percentage reduction when compared to the placebo
(p < 0.004) (Table 4). No significant differences were noted
after 60 days.

The PI percentage reduction in patients with different
degrees of plaque accumulation was compared.

In patients with moderate plaque accumulation, the inter-
vention group had a significant PI reduction when compared

to the placebo at 30 days (p < 0.003) and 60 days
ention and Placebo groups for all patients, patients with mild,

est. (Percentage %, Standard Deviation SD).

ntion Placebo

SD % SD P-value

18.40 12.13 14.39 0.019*

20.17 7.34 15.62 0.395

19.01 19.47 16.57 0.005**

17.15 5.57 10.55 0.007**

22.75 9.35 16.17 0.421

21.54 14.92 14.61 0.012*

16.03 27.46 9.72 0.122

11.45 2.63 13.95 0.691

9.02 30.09 16.75 0.077

tion and Placebo groups for all patients, patients with moderate,

y Test. (Percentage %, Standard Deviation SD).

tervention Placebo P-value

SD % SD

.12 22.10 16.37 23.08 0.004**

.64 24.44 2.38 20.02 0.404

.48 25.11 18.75 23.41 0.059

.22 23.68 12.92 21.99 0.003**

.01 26.69 1.68 20.46 0.597

.21 26.92 14.60 22.85 0.019*

.89 19.18 24.44 24.85 0.310

.43 19.00 4.00 20.04 0.508

.46 21.16 28.44 23.02 0.691



Table 5 Changes in GCF IL-1b (Gingival Crevicular Fluid Interleukin 1 beta) levels in the Intervention and Placebo groups between

the three measurement intervals measured in pictograms per millilitre (pg/ml). Intragroup comparison by Paired samples T-test.

Intergroup comparison using independent sample’s T test.

GCF IL-1b levels

Intervention Mean SD Mean SD P-value

0 to 30 111.91 74.45 65.97 48.76 0.009** �45.94

30 to 60 60.56 42.95 70.99 43.28 0.314 10.43

0 to 60 114.14 73.68 67.49 36.53 0.002** �46.65

Placebo

0 to 30 97.83 64.72 61.48 42.93 0.007** �36.35

30 to 60 67.74 48.70 67.48 37.20 0.983 �0.26

0 to 60 101.38 65.45 70.99 43.28 0.056 �30.39

Intervention Placebo

Mean SD Mean SD P-value

0 112.20 73.17 97.83 64.72 0.424

30 65.97 48.76 61.48 42.93 0.708

60 67.49 36.53 70.99 43.28 0.742

0 to 30 45.94 87.48 36.35 67.90 0.639

30 to 60 0.26 64.57 �10.43 53.75 0.504

0 to 60 46.65 74.28 30.39 80.67 0.432

*P < 0.05 ** P < 0.01.
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(p < 0.019). No statistically significant differences were noted
across the comparator groups for patients with high plaque

accumulation.

3.1.3. GCF IL-1b

At 30 days, GCF IL-1b levels exhibited a significant drop in

both the intervention (p < 0.009) and placebo groups
(p < 0.007).

After 60 days, the intervention group exhibited a statisti-

cally significant drop in GCF IL-1b level (p < 0.002) (Table 5).
However, the difference in the placebo group was not statisti-
cally significant (p < 0.056).

A Pearson correlation further examined the relationship
between the GCF IL-1b, PI and GI. However, all the findings
were not statistically significant.

4. Discussion

Gum Arabic was found to be effective in reducing plaque and

gingival inflammation. The intervention group exhibited a sig-
nificantly lower MGS at 30 days, a significant drop in MPS at
both 30 and 60 days and a significant drop in GCF IL-1b at 30
and at 60 days.

Our findings are in line with earlier studies. Prior research
documented a significant reduction in PI and GI scores in
plaque-induced gingivitis with Acacia Arabica (AA) use

(Pradeep et al., 2012). These results were also evident with
AA’s toothpaste formula (Tangade et al., 2012). The use of
AA gel in mild to moderate plaque-induced periodontitis was

associated with clinical attachment gain, a significant reduc-
tion in probing depth, and improved PI and GI outcomes
(Singhal et al., 2018). However, when Acacia Senegal chewing
gum was compared to sugar-free gum, no significant differ-

ences in PI and GI scores were noted after one week (Gazi,
1991).
There are several possible explanations for GA’s anti-
plaque and anti-gingivitis properties (Singhal et al., 2018).

Evidence suggests that GA has an antibacterial effect
(Baien et al., 2020). AA induces an inhibition zone on peri-
odonpathogenic bacterial cultures (Saini et al., 2008;

Tambekar et al., 2009) and suppresses P. gingivalis and P.
intermedia (Clark et al., 1993). A recent genetic analysis has
revealed emerging antibiotic-resistant genes (ARGs) and

metal-resistant genes (MRGs) in the dental plaque microbiota
after scaling and root planing, thus highlighting the need for
novel antibacterial strategies to control periodontitis (Kang
et al., 2021).

Scientists suggest that AA could be used as a chemical pla-
que control agent, as it is deemed comparable to 1% chlorhex-
idine (Pradeep et al., 2012). Chlorhexidine is considered the

gold standard treatment for gingivitis, however, its use does
not impact GCF IL-1b levels (Türkoǧlu et al., 2009), and nei-
ther does the use of triclosan dental gel (Sköld-Larsson et al.,

2003).
GA also acts as an antioxidant agent (Ali et al., 2009;

Hassanien, 2020). Although these claims have been contested
(Al-Majed et al., 2003; Ali, 2004), studies suggest that GA pro-

tects cardiac (Abd-Allah et al., 2002), renal (Al-Yahya et al.,
2009) and hepatic tissues (Gamal El-din et al., 2003) from
the effects of cytotoxic drugs. These drugs cause damage by

producing reactive oxygen species (ROS) and inducing oxida-
tive stress (Hinson et al., 2004). This process is comparable to
periodontal disease, where the host-microbial interaction

increases ROS production, leading to oxidative stress and
subsequent tissue damage (Pendyala et al., 2008;
Waddington et al., 2000).

We observed that GA might have a differential impact
based on the amount of plaque and the degree of gingival
inflammation. GA appeared to reduce PI more effectively in
moderate plaque than in high plaque accumulation. This find-
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ing aligns with prior observations that GA affects early plaque
formation but has no long-term effects (Gazi, 1991).

We observed that GA had a significant effect in mild gingi-

val inflammation, as opposed to moderate cases. It is possible
that with heightened inflammation, increased sulcus depth lim-
its GA’s accessibility, thus reducing its effect. Clark et al.

(1993) noted the inability of Acacia gum to reach deep areas
of periodontal pockets and recommended using a delivery sys-
tem. Our results support this. Areas of heightened inflamma-

tion could benefit from the targeted application of GA
through subgingival irrigation.

GA also has an anti-inflammatory effect (Kamal et al.,
2018; Ali et al., 2020; Hassanien, 2020). The presence of high

levels of inflammatory cytokines, IL-1b and TNF-a in diseased
periodontal tissues has been well established (Kinane et al.,
2008). A recent review by Cheng et al. (2020) suggests that tar-

geting IL-1b could potentially have a therapeutic effect on
periodontitis. To the best of our knowledge, no study to date
has evaluated the impact of GA on GCF IL-1b levels.

The observed drop in GCF IL-1b levels in both groups
after 30 days could be attributed to baseline nonsurgical peri-
odontal therapy (De Lima Oliveira et al., 2012; Engebretson

et al., 2002). However, the significant drop in GCF IL-1b
between baseline and 60 days in the intervention group only
is possibly due to GA. This finding, while preliminary, suggests
that GA can suppress periodontal inflammation at a more pro-

found level by suppressing local mediators.
We carefully interpret our GCF findings because although

GCF IL-1b levels may reflect the severity of periodontal dis-

ease (Heasman et al., 1993), its progression cannot be
evaluated by the GCF IL-1b level alone. The role of periodon-
tal pathogens, host response and genetic factors should be all

considered. Thus, we recommend further research to assess
the effect of GA by evaluating plaque culture and incorporat-
ing a complete cytokine profile.

The strength of this study is in that we incorporated cali-
bration, randomisation and double blinding to limit bias. At
baseline, the patients’ daily brushing habits could have varied,
and so during the trial, they were instructed to brush twice

daily. Nevertheless, the Hawthorn effect may have masked
the true extent of the differences between the groups.

A potential limitation of this study could have been that the

baseline treatment may have contributed to the drop in GI and
PI scores. We are not concerned by this as all participants
underwent the same treatment at baseline. This means that

the effect was the same across both groups, and any significant
difference between the intervention and placebo groups can be
related to the GA intervention.

The possible role of GA as an anti-plaque and anti-

gingivitis agent is reemphasised throughout the study. GA
may be poised to have future applications in preventing peri-
odontitis because of its role in reducing GCF IL-1b. It could
open the door for a local, natural and cost-effective product
that could help alleviate the high burden of periodontal dis-
eases in Sudan (Khalifa et al., 2012).

5. Conclusion

Gum Arabic was found to be effective in controlling plaque

and gingivitis. Thus, GA may be a beneficial herbal formula-
tion for chemical plaque control and a possible adjuvant treat-
ment for plaque-induced gingivitis.
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