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ABSTRACT

Objectives: This study evaluated the effect of Nitazoxanide (NTZ) delivered subgingivally 
as thermosensitive hydrogel on the clinical and biochemical outcomes of scaling and root planing 
(SRP) compared to SRP alone in patients with stage II periodontitis.  

Materials and Methods: A randomized, controlled clinical trial was conducted on forty adult 
patients equally divided between a control group treated with full-mouth SRP and a test group 
treated with SRP and sub gingivally-delivered 0.01% NTZ gel. The gel was administered twice, 
one week after SRP and a week later. Probing depth (PD), clinical attachment level (CAL), bleeding 
on probing (BOP), gingival index (GI), and matrix metalloproteinase-8 (MMP-8) levels in gingival 
crevicular fluid (GCF) were measured at baseline and after 3 and 6 months and compared in addition 
to the reduction in these values from baseline to 6 months using Mann-Whitney U test. 

Results: There were significantly greater reductions in the test than the control groups at 6 
months regarding PD (mean= 3.1mm and 2.3mm, P= 0.001), CAL (2.3mm and 1.7mm, P= 0.013), 
percentage of sites with BOP (mean= 1.6% and 1%, P= 0.001), GI (mean= 2.3 and 1.6, P= 0.006), 
and MMP-8 level (mean= 1.8 and 0.9, P= 0.028).

Conclusions: NTZ has potential when combined with SRP as an adjunctive for the treatment 
of stage II periodontitis, offering added benefit over SRP alone based on clinical and biochemical 
findings.

Trial registration: The study was retrospectively registered at clinicaltrials.gov, NCT04768530 
on 24/2/2021.

KEYWORDS: Antimicrobial, Biochemical, Gingival crevicular fluid, Matrix 
metalloproteinase-8, Periodontitis. 
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INTRODUCTION 

The oral cavity is a complex ecosystem with 
multiple distinct niches and microbial habitats.1 
Changes in microbial flora are associated with 
oral diseases including periodontitis which is one 
of the most prevalent oral diseases worldwide af-
fecting a great number of the global population.2 
Periodontitis is a multifactorial inflammatory con-
dition of the periodontal ligaments with complex 
interactions between periodontal bacteria,the host 
inflammatory response, and genetic, environmental, 
and behavioral risk factors. Periodontitis results in 
destruction of tooth supporting tissue and eventu-
ally, tooth loss. Thus, early effective management of 
periodontitis is needed.3 Tissue destruction is pro-
moted by host immune response involving proin-
flammatory mediators such as cytokines and matrix  
metalloproteinases.4 

Mechanical debridement using SRP is the gold 
standard treatment for periodontal disease.5 De-
pending on the severity of inflammation, SRP has 
been combined with systemic antibiotics with vari-
able degrees of success.6 This variation is caused by 
lack of evidence to guide adjunctive systemic anti-
microbial therapy including indications, selection of 
antimicrobial agents or their combinations, proper 
timing, adequate dosing, and duration of therapy.7, 

8 Indiscriminate use of antibiotics led to adverse ef-
fects including drug resistance.9 Accordingly, there 
is a need for more pathogen-selective adjunctive 
therapies that target harmful periodontal anaerobic 
pathogens. 

Recently, research has focused on the topical 
administration of antimicrobial agents in periodontal 
pockets as an adjunct to periodontal treatment. 
Different substances including metronidazole, 
tetracycline and chlorhexidine have been tested 
for intrapocket application either alone or in 
combination with SRP.10 Metronidazole is a semi-
selective antimicrobial that specifically inhibits oral 
anaerobic bacteria. However, a study reported that 
25% metronidazole gel does not improve probing 

depth over SRP alone in sites with recurring 
chronic inflammation.10 Metronidazole was also 
combined with other systemic antibiotics such as 
amoxicillin. However, several side effects have 
been reported for this combination.11 More recently, 
the NTZ class of synthetic antibiotics, including 
the FDA-approved antiparasitic NTZ and its 
Amixicile analogue, emerged as new antimicrobial 
agents . NTZ is used for the treatment of parasitic 
infections such as Cryptosporidium, Trichomonas, 
Entamoeba, and Giardia. It also shows a distinctive 
activity against anaerobic bacteria via a unique 
mechanism of action that defeats mutation-based 
drug resistance.12,13 This mechanism involves the 
disruption of the enzymatic pyruvate: ferredoxin/
flavodoxin oxidoreductase (PFOR) cycle, which 
is necessary for energy metabolism in anaerobic 
bacteria, by targeting the activated thiamine 
pyrophosphate cofactor rather than the enzyme.14, 15 
Due to the lack of PFOR, killing of commensal or 
aerotolerant bacteria and, therefore, toxic effects are 
reduced.15 The genome of periodontal pathogenic 
bacteria includes strict anaerobes containing 
genes encoding PFOR. Thus, NTZ antimicrobials 
offer new modalities for controlling periodontitis. 
In addition, NTZ exhibits anti-inflammatory 
properties16, 17 potentially contributing to positive 
patient outcomes. Although supporting in vitro 
data are available for the antimicrobial effect of 
amixicile,13, 18 the effect of NTZ as a selective 
antimicrobial agent in treating periodontitis has not 
been documented to date. Periodontitis is a localized 
disease, and local drug delivery may enhance the 
efficacy of adjunctive antimicrobial agents by 
securing high drug concentration in the periodontal 
lesion while avoiding systemic side effects.19 Using 
local (intrapocket) sustained-release delivery 
systems in the form of injectable, thermosensitive 
hydrogels offers advantage for drug delivery over 
SRP alone in the management of periodontitis.20,21 
These formulations exist in a low viscosity sol 
form at room temperature allowing easy application 
and fast penetration into periodontal pockets and 
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undergo gelation at the higher pocket temperature 
leading to prolonged site retention, controlled drug 
delivery, and sustained antimicrobial effect. The 
efficacy of periodontal therapy is clinically assessed 
by measuring PD, CAL, BOP, GI,22 and biochemical 
markers including MMPs in the GCF.23 

The objective of the present study was to assess 
the clinical and biochemical efficacy of NTZ 
delivered subgingivally as thermosensitive hydrogel 
with SRP compared to SRP alone in patients with 
stage II periodontitis.  The null hypothesis was 
that there would be no difference between NTZ 
adjunctive to SRP and SRP alone in clinical and 
biochemical treatment outcomes. 

MATERIALS AND METHODS

Study medication

The NTZ 0.01% gel used in the study is a 
thermosensitive hydrogel consisting of a blend of 
Poloxamer 407 (P407, average MW 13306 g/mol) 
and hyaluronic acid (HA, Mw 1000-1500 kD, Xi’an 
Natural Field Bio-Technique Co., Ltd., China) as 
gelling agents.24  NTZ release from the gel was 
determined at 37oC in phosphate buffer saline pH 
7.4 / 0.01% Tween 80 as release medium for 7 days 
at 37oC. 

Study design 

A parallel-groups, randomized, controlled clini-
cal trial was conducted between July 2019 and April 
2020 on patients recruited from the Department of 
Oral Medicine, Periodontology, Diagnosis and Oral 
Radiology, Faculty of Dentistry, Alexandria Univer-
sity with patients equally allocated to test and con-
trol groups. Ethical approval was obtained from the 
Research Ethics Committee at the Faculty of Den-
tistry, Alexandria University (IRBNO: 00010556- 
IORG: 0008839). The study purpose and methods 
were explained to the patients and their informed 
consent was obtained. The study was conducted in 
accordance with the Helsinki declaration of 1975, 
as revised in 2013. The study was registered at clini-
caltrials.gov NCT04768530 on 24/2/2021. 

Participants

20- to 40-years-old patients were included if they 
had stage I/II grade A/B periodontitis according to 
the 2017 World Workshop on the Classification 
of Periodontal and Peri-Implant Diseases and 
Conditions. 25 This diagnosis was confirmed by the 
presence of PD ≥5 mm and CAL 3-4 mm, BOP 
and radiographic horizontal bone loss related to the 
coronal third of the root (15%-33%), with no tooth 
loss due to periodontitis. Only patients who could 
maintain an O’Leary plaque index ≤10 participated 
in the study.26 Patients were excluded if they had 
systemic diseases that may affect the treatment 
outcomes, if they smoked, were pregnant, or received 
contraindicated medications, chemotherapy, or 
radiotherapy in the previous year or if they received 
any periodontal treatment or antibiotics 6 months 
before the study. To calculate sample size, we used 
the estimates of PD reduction reported by Deo et al 
27 in their comparison of the effect of locally applied 
doxycycline hyclate gel with SRP versus SRP alone. 
Assuming 5% alpha error and 80% study power, the 
calculated 28 minimal sample size was 19 per group, 
increased to 20 to make up for loss to follow up. 
Thus, the required sample size was 40 patients. 
Patients were randomly assigned using a computer-
generated list of random numbers to one of the two 
groups in blocks of four and the allocation sequence 
was handed to an assistant not directly involved 
with the study. Patients were sequentially numbered 
in a list and the number of each patient was written 
on an opaque envelope that included identical 
pieces of paper that were folded after adding the 
group to which the patient was assigned. On the day 
of applying the intervention, the assistant retrieved 
the envelope carrying the patient number, opened 
it and the intervention assigned to the patient was 
provided. Only one indicated site per patient was 
included, thus not all teeth were treated. If more 
than one tooth was indicated, one was randomly 
selected for inclusion then it was randomized to test 
or control groups.  
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INTERVENTION

Patients were randomized into control group 
treated with SRP only and test group treated with 
SRP combined with the subgingivally delivered 
thermosensitive NTZ hydrogel. Thorough SRP was 
performed using Woodpecker dental ultrasound 
scaler handpiece HW-3H and Gracey micro-
curettes (Hu-Friedy®, Chicago, IL, USA) for both 
groups. The clinical measurements were taken one 
week after performing SRP. The test sites were 
dried and isolated with cotton rolls and suction 
and NTZ hydrogel was applied subgingivally by 
means of a syringe with a bent, blunt-end needle. 
(Figure 1). The needle was carefully inserted into 
the periodontal pocket and approximately 0.5 mL of 
the gel was applied gently to fill the pocket. The gel 
was applied up to the gingival margin and excess 
gel was removed with a sterile gauze to avoid 
possible systemic effect by swallowing the gel. No 
local anesthesia was used. After placement of the 
gel, patients were instructed to follow a strict oral 
hygiene protocol and were asked not to chew hard 
or sticky foods at the gel placement sites. Seven 
days later, the NTZ hydrogel was applied into the 
same sites.29 

Outcome assessment

The clinical and biochemical treatment outcomes 
were assessed at baseline, after 3 and 6 months. 
Clinical assessment included PD in mm, CAL in 
mm, BOP within 15 seconds after probing measured 
as yes or no at 4 sites per tooth and the percentage of 
sites with BOP was calculated for each patient,30 and 
GI ranging from score 0 for normal gingiva to score 
3 for severe gingivitis. 31 Periodontal measurements 
were recorded using William’s probe graduated 
in 1 mm increment and readings were rounded to 
the nearest mm. All clinical examinations were 
performed by a blinded clinician who was unaware 
of the treatment protocol (S.F). The intra-examiner 
intra-class correlation coefficient for PD= 0.89 and 
for CAL= 0.91. The primary outcome for the study 
was reduction in PD. 

Biochemical assessment included the measure-
ment of MMP-8 levels in the GCF in the deepest 
pocket depth around the treated area using prefab-
ricated paper points. The paper point was inserted 
after isolation using cotton rolls and high suction 
till resistance was felt and was kept for 30 seconds. 
(Figure2)  The samples were diluted in phosphate 
buffer saline up to 1 mL. After 15 min, the paper 
points were removed, and 500 μL were centrifuged 
at 400 g for 4 min, then frozen at -20°C. Analysis 
was done using human MMP-8/Neutrophil collage-
nase ELISA Kit (BioVision Company., Ltd, Shang-
hai, China) with sandwich-ELISA technique. The 
microelisa stripplate in the kit is pre-coated with an 
antibody specific to MMP-8. Horseradish perosi-
dase (HRP)-conjugated antibody specific for MMP-
8 was added to each Microelisa stripplate well and 
was incubated after the samples were added. Free 
components were washed away. The 3,3’,5,5’-Tet-
ramethylbenzidine substrate solution was added to 
each well. Wells that contained MMP-8 and HRP-
conjugated MMP-8 antibody appeared blue in color 
and then turned yellow after the stop solution was 
added. The optical density, proportional to the con-
centration of MMP-8, was measured spectrophoto-
metrically at a wavelength of 450 nm. The MMP-8 
concentration in the samples was determined using 
a standard curve. MMP-8 as a biochemical indicator 
was the secondary outcome of the study.

Statistical analysis

The Kolmogorov-Smirnov test was used to 
assess the normality of distribution of the study 
variables. Reduction was calculated as: (value after 
6 months - value at baseline). Mann Whitney U test 
was used to compare the groups at each follow-up 
period and the reduction due to f the non-normal 
distribution of the variables. Friedman test was 
used to compare differences across time in the same 
group followed by post hoc Dunn’s test for pairwise 
comparisons. Significance was set at 5%. Data were 
analyzed using IBM SPSS software package version 
20.0 (Armonk, NY: IBM Corp).
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RESULTS

Nitazoxanide thermosensitive hydrogel charac-
terization

The in-vitro characterization showed that the 
NTZ gel (P407 25% / HA 0.33%) was a clear light-
yellow gel having a pH 6.7-6.8 and a gelation time 
36-38 sec. The viscosity of all hydrogels increased 
over temperatures from 5-37oC. Free NTZ showed 
fast dissolution reaching 100% in 30 min. The gel 
showed a thermosensitive behavior and sustained 
the release of NTZ in vitro (50% release over 7 
days).

Clinical and biochemical parameters 

Out of the 40 patients, 15 (37.5%) were males 
and 25 (62.5%) were females and the mean 
(SD) age in years= 28.9 (5.6) with no sex or age 
difference between the two groups (P= 0.56 and 
0.87). The teeth included in the two study groups 
were premolars and molars: #4,5,6,7 (n= 6, 8, 12 
and 14 respectively, P= 0.67). All participants 
completed the six-month clinical trial. No adverse 
reactions were observed in any of the patients from 
both groups. Patients in the test group reported that 
the test agent was acceptable to them.

Table 1 shows the change in the clinical and bio-
chemical parameters over time and the difference 

between the two groups at baseline, 3 months and 
6 months. At baseline, there were no significant dif-
ferences between the two groups in PD (P= 0.602), 
CAL (P= 0.429), BOP (P= 1.00), GI (P= 0.799) or 
MMP-8 levels (P= 0.289). PD, CAL, BOP, GI and 
MMP-8 were significantly reduced over time in 
both groups (P< 0.001).

For all parameters, there were statistically sig-
nificant reductions from baseline to 3 and 6 months 
and from 3 months to 6 months (P< 0.05) except for 
BOP where the difference between 3 and 6 months 
in the test group (P= 0.206) and the control group 
(P= 0.133) was not statistically significant.

At all follow-up intervals, there were statistically 
significant differences between the two groups (P< 
0.05) for all parameters except for BOP at 3 months 
(P= 0.072) and MMP-8 levels at 3 months (P= 
0.925). At 6 months, the test sites had significantly 
lower parameters than the control sites including 
PD (mean= 2.7mm and 3.5mm, P< 0.001), CAL 
(mean= 1.2mm and 1.7mm, P= 0.023), BOP 
(mean= 5% and 40%, P< 0.001), GI (mean= 0.05 
and 0.40, P< 0.001) and MMP-8 (mean= 0.5 pg/ml 
and 0.9 pg/ml, P= 0.033). There were statistically 
significant differences between the two groups in 
these reduction from baseline to 6 months in all 
parameters. 

Fig. (1)  Subgingival application of the thermosensitive NTZ 

hydrogel

Fig. (2) Gingival crevicular fluid sample collection using a 

prefabricated paper point
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DISCUSSION

The present study showed lower PD, CAL, BOP, 
GI and MMP-8 in the NTZ + SRP test group than 
the SRP alone control group with greater reduction 
after 6 months from the baseline in the test than the 
control group in all parameters. The differences were 
statistically significant in PD, CAL and GI after 3 
and 6 months. However, the differences in BOP and 
MMP-8 GCF levels were statistically significant 
only after 6 months. Thus, the null hypothesis of the 
study can be rejected. The present findings provide 
evidence for the first time about the efficacy of NTZ 
thermosensitive hydrogel as an adjunctive to SRP to 
treat stage II periodontitis.

In the present study, NTZ was injectable in sol 
form at room temperature allowing fast penetration 
into the deep irregularities of periodontal pockets 
that cannot be accessed by subgingival instrumen-
tation. Thermosetting of the gel at body tempera-
ture formed a drug depot with extended intrapocket 
delivery which may have facilitated the elimina-
tion of periodontal pathogens.32 P407 proved to be 
a useful gelling agent similar to previous biomedi-
cal applications including periodontal delivery sys-
tems.32 Hydrogels containing P407 increased NTZ 
solubility due to nanomicelle formation 33 allow-
ing the preparation of 0.01% clear NTZ hydrogels. 
This NTZ concentration is above the reported mini-
mum inhibitory concentration for 90% inhibition of 
a wide range of anaerobic and aerobic organisms 
(1-4 mg/L).32 Biocompatible and biodegradable 
high molecular-weight HA was added to the P407 
hydrogels and improved their physicochemical and 
mechanical properties, reduced their erosion and 
decreased the cytotoxicity to human gingival fibro-
blasts and promoted their migration. 24,34 HA did not 
change the gelation properties of NTZ-P407 hydro-
gels, though it increased the hydrogel viscosity and 
the sustained release of NTZ with reduction in burst 
effect as a result of HA-induced packing of the P407 
micelles.24 Based on the in vitro results obtained in 

TABLE (1): Comparison between the two groups 
in PD, CAL, BOP, GI and MMP-8 levels 
over the study period

Mean ± SD P of 
MWU 

test
Tests  

(n = 20)
Control  
(n = 20)

Probing Depth (in mm)

Baseline 5.7 ± 0.5 5.8 ± 0.4 0.602

3 months 3.6 ± 0.9 4.6 ± 1.2 0.014

6 months 2.7 ± 0.6 3.5 ± 0.6 <0.001

P of Friedman test <0.001 <0.001

Reduction after 6 months 3.1 ± 0.6 2.3 ± 0.5 0.001

Clinical Attachment Loss (in mm)

Baseline 3.5 ± 0.5 3.3 ± 0.5 0.429

3 months 1.6 ± 0.5 2.1 ± 0.6 0.046

6 months 1.2 ± 0.5 1.7 ± 0.5 0.023

P of Friedman test <0.001 <0.001

Reduction after 6 months 2.3 ± 0.6 1.7 ± 0.7 0.013

Bleeding on Probing %

Baseline 100.00±0.00 100.00 ±0.00 1.00

3 months 52.50±27.98 68.75 ±13.75 0.072

6 months 5.00±10.26 40.00 ±18.85 <0.001

P of Friedman test <0.001 <0.001

Reduction after 6 months 1.6 ± 0.6 1.0 ± 0.5 0.001

Gingival Index

Baseline 2.55 ± 0.51 2.50 ± 0.51 0.799

3 months 0.58 ± 0.34 0.86 ± 0.29 0.011

6 months 0.05 ± 0.10 0.40 ± 0.19 <0.001

P of Friedman test <0.001 <0.001

Reduction after 6 months 2.3 ± 0.7 1.6 ± 0.7 0.006

MMP-8 level (pg/ml)

Baseline 2.2 ± 1.3 1.81 ± 1.5 0.289

3 months 1.3 ± 0.8 1.7 ± 2.1 0.925

6 months 0.5 ± 0.2 0.9 ± 0.7 0.033

P of Friedman test <0.001 <0.001

Reduction after 6 months 1.8 ± 1.1 0.9 ± 0.9 0.028

MWU: Mann Whitney U test
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the present study, a 25% P407 / 0.33% HA gel ex-
hibited adequate sol-gel transition, high storage sta-
bility at refrigeration temperature in terms of NTZ 
content and gel viscosity, good injectability and an 
acceptable taste. Moreover, the hydrogel in the in 
vitro part of the study showed ~50% NTZ release 
in 7 days, presumably forming an intrapocket drug 
depot that may be supported by the adherence of the 
hydrogel to the pocket mucosa. However, in vivo 
drug release might have occurred at a different rate 
depending on the intra-pocket hydrodynamic condi-
tions and additional drug release due to gel erosion 
in periodontal fluids.

Clinical improvement in the control group may 
be attributed to the removal of biofilm via SRP, 
with reduction in periodontal bacterial load and 
healing of soft tissues.35 The superiority of clinical 
outcomes in the test group may be ascribed to 
the selective bactericidal effect of NTZ against 
anaerobic bacteria which cause periodontitis14, 15 and 
to its anti-inflammatory effect.16, 17 The improved 
clinical outcomes of SRP by locally-delivered NTZ 
is in accordance with previous studies of topical 
antibiotics used for the treatment of periodontitis. 
A previous study compared the effect of locally-
delivered metronidazole gel adjunctive to SRP and 
SRP alone and reported a significant difference 
between SRP alone and SRP plus locally delivered 
metronidazole gel. 36    Also, another study reported 
that subgingivally-delivered nano-doxycycline 
gel as an adjunct to SRP improved both clinical 
parameters and inflammatory markers up to three 
months post treatment.37

Despite the importance of clinical parameters, 
biomarkers provide information on disease status 
and progression.38 MMP-8 plays an important role 
in the pathogenesis, diagnosis, and treatment of 
periodontitis.39,40.  High MMP-8 levels in the GCF 
indicate the presence of severe inflammation41 and 
their decrease is associated with effective treatment.42 
In the current study, patients in both groups showed 

relatively high GCF MMP-8 levels.43 However, 
the NTZ hydrogel caused significantly greater 
reduction than the control group in the GCF MMP-8 
level after 6 months indicating an anti-inflammatory 
effect of NTZ not documented to date. NTZ was 
previously reported to inhibit the production of pro-
inflammatory cytokines such as TNF-α, IL-2, IL-
4, and IL-10 in peripheral blood by mononuclear 
cells.17 Pro-inflammatory cytokines are responsible 
for the stimulation of gingival fibroblasts to 
produce collagenolytic MMPs including MMP-
8,44 and their suppression by NTZ might explain 
the significant decrease in GCF levels of MMP-8 
in the test group. MMP inhibitors whether systemic 
such as the FDA-approved sub-antimicrobial dose 
doxycycline or locally-applied like chlorhexidine 
and proanthocyanidins play an important role as 
adjuncts in the treatment of periodontitis.45The 
MMP-8 inhibitory effect of NTZ would add to its 
selective action against anaerobic bacteria for the 
treatment of periodontitis.

The clinical and biochemical data obtained in the 
present study are of practical importance in view of 
the relatively low NTZ concentration (0.01%) and 
sustained improvement for at least six months. Pre-
vious research showed that local antimicrobial ad-
junctive treatment used higher drug concentrations, 
e.g. 5-20% for metronidazole,10,46 14% for doxycy-
cline47 and 0.5-2.5% for chlorhexidine.48 Moreover, 
several adjunctive treatments showed plateau level 
of improvement after three months.45,49 The clinical 
stability observed in the current study may be at-
tributed to site retention of the hydrogel and sus-
tained NTZ delivery. The present study is limited 
by the length of the follow-up period, the number of 
patients included and the focus on one type of peri-
odontitis only. Future studies including more par-
ticipants and longer follow-up during maintenance 
phase are needed to confirm these findings and give 
better insight into the role of NTZ in the treatment 
of different types of periodontitis.
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CONCLUSIONS

A proof of concept was provided for the clinical 
benefit of NTZ as a novel adjunctive to SRP in 
the treatment of stage II periodontitis using a 
randomized controlled clinical trial on forty patients. 
A twice application protocol of NTZ formulated as 
0.01% sustained release thermosensitive hydrogel 
improved the clinical outcomes of SRP over 
six months due to the selective activity against 
periodontal anaerobes, MMP-8 inhibitory effect and 
adequate drug delivery. These findings support the 
use of NTZ thermosensitive hydrogel as a potential 
adjunctive to SRP to treat stage II periodontitis.
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