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1  | INTRODUC TION

Periodontitis is a complex infectious inflammatory condition with 
multifactorial contributory factors that destroys tooth‐supporting 
tissues leading to alveolar bone breakdown and tooth loss.1 The 

understanding of the dynamic interactions between the various 
periodontal pathogens and the host‐mediated inflammatory‐im‐
mune responses has increased significantly, highlighting the impor‐
tance of genetics, epigenetics, lifestyle, and environmental factors in 
the pathogenesis of periodontitis.2‐4
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Abstract
Objective: To evaluate the role of natural curcumin (CURC) on experimental peri‐
odontitis	(EP)	in	animals	with	diabetes	mellitus	(DM).
Material and Methods: One	 hundred	 rats	were	 assigned	 to	DM	+	 placebo	 (PLA);	
DM	+	CURC;	DM	+	insulin	(INS);	DM	+	CURC	+	INS;	and	Non-DM.	Diabetes	was	in‐
duced	by	streptozotocin.	After	3	days,	they	were	initiated	CURC	and	PLAC	solutions	
and	insulin	administrations,	daily	for	30	days.	This	included	a	period	of	19	days	prior	
to EP induction (ligature at the first mandibular and the second maxillary molar) and 
then additional 11 days. Specimens from the mandible were processed for morpho‐
metric examination of bone level. Gingival tissues from mandibular molars were col‐
lected	for	quantification	of	IL-1β,	IL-4,	IL-6,	IL-17,	IFN-γ, and TNF‐α	using	a	Luminex/
MAGpix	assay.	Gingivae	from	maxillary	molars	were	subjected	to	RT-PCR	for	assess‐
ment	of	Runx2,	RANKL,	OPG,	SIRT,	Dkk1,	and	Sost	levels.
Results: Lower	linear	bone	loss	was	detected	in	ligated	molars	of	DM	+	CURC	+	INS	
vs	DM	+	PLAC	and	DM	+	INS	groups	(P	<	0.05).	In	ligated	sites	from	DM	rats	treated	
with	CURC	+	INS,	IL-6,	IL-1β, INF‐γ, and TNF‐α levels were the lowest in comparison 
with	PLAC	and/or	INS	and	CURC	as	monotherapies	(P < 0.05). CURC, independently 
of	INS,	increased	Runx2	and	SIRT	when	compared	to	DM	+	PLAC	(P < 0.05) in ligated 
sites,	whereas	only	CURC	+	INS	reduced	the	RANKL/OPG	ratio	when	compared	to	
DM	+	PLAC	(P < 0.05).
Conclusion: Natural	CURC,	when	associated	with	INS,	reduces	the	DM-induced	loss	
of supporting alveolar bone and promotes favorable modulation on osteo‐immune‐
inflammatory mediators.
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In this context, studies have indicated that the diabetic/hypergly‐
cemic state increases the risk for the development and progression of 
periodontitis and it is associated with future tooth loss, especially in 
poorly controlled glycemic status.5-7 In line, earlier investigations re‐
vealed	that	one-third	of	individuals	with	diabetes	mellitus	(DM)	pres‐
ents severe forms of periodontal disease, and adults aged 45 years or 
older, with poorly controlled glycemic status, are three times more 
likely to have severe periodontitis than those without diabetes.8,9

The greater susceptibility of diabetic individuals to periodontal 
breakdown could be attributed to the modulation of several cyto/
chemokines in favor of a pro‐inflammatory host response profile.5,10,11 
In addition, more severe tissue destruction in periodontitis is related 
to oxidative stress mechanisms and excessive production of reactive 
oxygen species which also play an important role in the development 
of diabetic complications.12 Thus, the knowledge of innovative strate‐
gies to treat periodontal disease is especially relevant in patients pre‐
senting increased susceptibility to periodontitis, as diabetics.

Curcumin (CURC), a bioactive component of turmeric and derived 
from the plant Curcuma longa, is a phytochemical substance with 
ability to modulate the immune system.13 Several studies have ever 
demonstrated the potential therapeutic influence of natural CURC in 
attenuating the progression of experimental periodontitis (EP) by the 
modulation of immune‐inflammatory biomarkers.14-17 It has also been 
reported as an efficient antioxidant agent, protecting innumerous or‐
gans from oxidative stress‐induced pathophysiology.18 Because of its 
anti‐inflammatory and antioxidant properties, natural or chemically 
modified curcumin has also been considered as a promising therapeutic 
option for diabetes and related complications,19,20 as periodontitis.21,22

However, no study has investigated the impact of natural CURC, 
alone or in combination with insulin, on controlling the progression of 
EP in diabetic animals by assessing alveolar bone loss and local host 
modulation of osteo‐immunoinflammatory and oxidative stress media‐
tors. The hypothesis was that natural CURC could inhibit alveolar bone 
loss and favor the pattern of osteo‐immunoinflammatory and antiox‐
idant markers in EP, even in animals submitted to diabetes induction.

2  | MATERIAL AND METHODS

2.1 | Animals

The experimental procedure was accepted by the Paulista University 
Institutional Animal Care and Use Committee (226/14). The ani‐
mal cohort was composed of 100 10‐week‐old male Wistar rats, 

weighing 300.12 ± 10.34 g at the beginning of the study, obtained 
from the Butantan Institute in São Paulo, Brazil. The rats were accli‐
matized for 15 days before use, and they were kept in temperature‐
controlled cages, exposed to a 24‐hour light‐dark cycle of equal time, 
and	had	free	access	to	water	and	food	ad	libitum	(Labina,	Purina1)	in	
the Bioterium of Paulista University.

2.2 | Study design and treatment groups

The study design is presented in Figure 1.
Animals were allocated to the following groups: non‐diabetic 

placebo	 treatment	 (Non-DM;	 n	 =	 20);	 induced	 DM	 and	 placebo	
treatment	 (DM	+	PLAC;	n	=	20);	 induced	DM	and	curcumin	 treat‐
ment	 (DM	 +	 CURC;	 n	 =	 20);	 induced	 DM	 and	 insulin	 treatment	
(DM	+	INS;	n	=	20);	and	induced	DM	and	curcumin/insulin	treatment	
(DM	+	CURC+INS;	n	=	20).

Diabetes was induced by intraperitoneal injection of streptozo‐
tocin23 (STZ; 60 mg/kg; Sigma‐Aldrich) dissolved in citrate buffer 
(0.01	mol/L,	pH	4.5).	The	Non-DM	animals	received	intraperitoneal	
injection	of	equal	volume	of	0.1	mol/L	citrate	buffer.	After	3	days,	
blood samples were collected from the tail of the animals and placed 
on test strips for glucose analysis using a glucose meter (Accu‐Check 
Active®;	Roche	Diagnóstica	Brasil).	Glucose	levels	above	300	mg/dL	
were considered to diabetes.

Then,	 it	 was	 initiated	 CURC,	 PLAC,	 and	 INS	 administration	
(Figure 1). A stock solution of curcumin (C‐1386—Sigma‐Aldrich 
Brasil	Ltda)	was	prepared	in	9%	ethanol	 (Merck	KGaA)	and	diluted	
in water to obtain the required concentration (100 mg/kg), as used 
in previous studies.17	Placebo	solution	(NaCl	saline	0.9%)	was	pre‐
pared	by	dilution	in	9%	ethanol	(Merck	KGaA).	Both	CURC	and	PLAC	
solutions	(1	mL)	were	administered	daily	via	gavage.	Insulin	was	also	
daily administered by subcutaneous injection of neutral protamine 
harguerdon	(NPH	insulin,	Biohulin	NU-100	100	IU/mL;	Eli	Lilly	and	
Company)	diluted	in	0.9%	NaCl	(5.5-3.5	mL	at	6:00	pm and at 6 am.24 
All	therapies	(CURC,	PLAC,	and	INS)	were	administered	for	30	days.	
This	included	a	period	of	19	days	prior	to	initiation	of	EP	and	then	for	
another 11 days following ligature placement (Figure 1).

2.3 | Rat periodontitis model

To induce EP, a first mandibular and a second maxillary molar in 
each animal were assigned to receive a cotton ligature no.10 (Coats 
Corrente)	knotted	subgingivally	at	the	cementoenamel	junction	(CEJ).	

F I G U R E  1   Study design
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     |  43PIMENTEL ET aL.

F I G U R E  2  A,	Means	and	standard	deviation	of	linear	alveolar	bone	loss	(mm)	observed	on	molars	for	ligated	and	non-ligated	teeth.	
*Significant intra‐group differences (Student's t test; P < 0.05). §Significant	inter-group	differences	when	compared	to	DM	+	PLAC	
(ANOVA/Tukey; P < 0.05). ǁSignificant	inter-group	differences	when	compared	to	DM	+	INS	(ANOVA/Tukey;	P < 0.05). B‐K, Representative 
photographs illustrating the morphometric findings of all experimental groups at non‐ligated and ligated teeth. Red lines represent a scale 
corresponding to 1 mm
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The ligatures were kept in position in order to allow biofilm accumula‐
tion over 11 days thereby providing for initiation of EP (Figure 1), as 
previously described.17 Contralateral teeth were left un‐ligated so that 
they could be used as controls. Thirty days after the start of the study, 
the animals were euthanized by CO2 inhalation (Figure 2). The mandi‐
bles were excised for morphometric analysis to assess alveolar bone 
loss. The gingival tissues surrounding the first mandibular molars were 
collected for quantification of immune‐inflammatory mediators using 
a	 Luminex/MAGpix	 assay	 system.	The	gingival	 tissue	of	 the	 second	
maxillary molars was subjected to analyses of gene expression focused 
on modulators of the osteo‐immune‐inflammatory cascade by way of 
quantitative real‐time polymerase chain reaction (qRT‐PCR).

2.4 | Linear measurement of alveolar bone loss

To the linear measurement of mandibular alveolar bone loss, photo‐
graphs of the buccal aspects were taken, and linear alveolar bone loss 
was assessed on the buccal surface of the lower first molars by meas‐
uring	the	distance	of	the	CEJ	from	the	crest	of	alveolar	bone	at	three	
equally distant sites, as previously described.25 The average alveolar 
bone	loss	of	each	tooth	was	calculated.	A	single	examiner	(MGC),	who	
was blinded to the experimental group identities, carried out mor‐
phometric measurements. The measurements were performed after 
intraexaminer calibration by evaluating 10 images not taken for this 
study. The examiner took the linear measurements of all photographs 
twice	within	24	hours.	The	intraclass	correlation	was	97.1%.

2.5 | Immune‐enzymatic assay

The samples derived from the first mandibular molar soft tissues 
were placed into sterile tubes containing 400μl phosphate‐buffered 

saline	 (PBS)	with	0.05%	Tween-20	and	 stored	 at	−20°C,	 as	 earlier	
described.17 Then, the tissues were weighed, cut into small pieces 
(1‐2 mm3) using scissors, and solubilized in PBS to a final concentra‐
tion	 of	 100	mg	 tissue/mL.	After	 extraction	 on	 a	Vortex	mixer	 for	
10	minutes,	 each	 sample	was	 centrifuged	 at	 370	 g for 5 minutes, 
and the supernatant was collected, divided into small portions, and 
stored	at	−70°C	until	use.	The	levels	of	interleukin	(IL)-1β,	IL-4,	IL-6,	
IL-17,	interferon	(IFN)-γ, and tumor necrosis factor (TNF)‐α were de‐
termined	with	the	MAGpix	instrument	(MiraiBio)	using	commercially	
available	kits	(CYTOMAG-80K	-	Millipore	Corporation)	and	follow‐
ing the manufacturers' instructions. The samples were analyzed 
individually, and the levels were estimated using a 5‐parameter poly‐
nomial curve (xponent	software;	Millipore	Corporation).

The	 standard	 curve	 range	 used	 for	 IL-1β measurement was 
2.4	±	10.000	pg/mL;	for	IL-4	measurement,	4.9	±	20.000	pg/mL;	for	
IL-6,	7.3	±	300.000	pg/mL;	for	TNF-α,	2.4-10.000	pg/mL;	for	IFN-γ, 
14.6	±	60.000	pg/mL;	and	for	IL-17,	7.3	±	30.000	pg/mL.

2.6 | Gene expression analysis

The gingival tissues from the second maxillary molars were stored in 
RNA	 later	 at	−70°C	 for	 the	evaluation	of	 the	mRNA	 levels	 for	 runt-
related	 transcription	 factor-2	 (Runx2),	 Receptor	 activator	 of	 NF-КB	
ligand	 (RANKL),	osteoprotegerin	 (OPG),	sirtuin	 (SIRT),	Dickkopf	Wnt	
signaling pathway inhibitor 1 (Dkk1), and sclerostin (Sost), by qRT‐PCR, 
as previously define.26 Total RNA from the samples was isolated by 
the	TRIzol	method	(Turbo	DNA-frees;	Gibco	BRL,	Life	Technologies).	
Total RNA was DNase treated (Ambion Inc), the RNA concentration 
was determined from the optical density using a micro‐volume spec‐
trophotometer	 (NanoDrop	1000;	NanoDrop	Technologies	 LLC),	 and	
1 μg was employed for complementary DNA (cDNA) synthesis using 

TA B L E  1   Primer sequences for each gene, amplification profiles, and the estimated length of qPCR product for each gene

Gene
Sequence (5 ‐́3´)
Sequence (3 ‐́5´) Length of qPCR product (bp)

Amplification profile [tem‐
perature (oC)/time (s)]

Runx2 GCCACTTACCACAGAGC 157 95/10,	56/8,	72/7

GCGGGACACCTACTCTCATA

RANKL AGCGCTTCTCAGGAGTT 156 95/5,	55/4,	72/6

TACCAAGAGGACAGACTGACTTTA

OPG GCAGAGAAGCACCTAGC 168 95/10,	56/8,	72/7

GTCCGGTTTCTGGGTCA

SIRT GGTCAGGCTGGTTTACAACG 68 95/10,	61/8,	72/10

GGCATAGACCCACACACATCT

Dkk1 CGGGAATTACTGCAAAAACG 83 95/10,	59/10,	72/10

CAATGATGCCTTCCTCGATT

Sost GAGAACAACCAGACCATGAACC 90 95/10,	59/10,	72/10

GCAGCTGTACTCGGACACG

GAPDH TGAGTATGTCGTGGAGTCTACTG 159 95/10,	56/8,	72/7

TTGAGGGAGTTGTCATATTTCTCG

Note: Receptor	activator	of	the	NF-КB	ligand	(RANKL),	osteoprotegerin	(OPG),	Dickkopf	1	(Dkk1),	Runt-Related	Transcription	Factor	2	(Runx2),	
Sclerostin (Sost), Sirtuin (SIRT), and glyceraldehyde‐3‐phosphate dehydrogenase (GAPDH).
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the First‐Strand cDNA Synthesis Kit (Roche Diagnostic Co.). Primers 
were	 designed	 using	 probe-design	 software	 (Light-Cycler	 Roche	
probe design software; Diagnostics GmbH). The amplification pro‐
files, primer sequences, and lengths of PCR products are described 
in Table 1. The qPCRs were performed in a real‐time PCR device 
(LightCycler®	96	Instrument;	Roche	Diagnostics	GmbH)	using	a	Syber	
Green	kit	(FastStart	DNA	Masterplus	Syber	Green;	Roche	Diagnostics	
GmbH). The results were analyzed as relative amounts of the target 
gene using GAPDH as the inner reference gene by means of the rela‐
tive quantification.

2.7 | Statistical analysis

Statistical analysis was performed using sas software (Program Release 
9.3).	The	data	were	examined	 for	normality	using	 the	Kolmogorov-
Smirnov test, and the results that presented normality were analyzed 
using parametric methods. To test the null hypothesis that curcumin 
had no influence on linear alveolar bone loss, inter‐group analysis was 
performed through analysis of variance (ANOVA) and Tukey's test. 
A paired Student's t test was used for intra‐group comparisons be‐
tween ligated and un‐ligated teeth. The differences in immune‐en‐
zymatic mediator's concentration were compared by ANOVA/Tukey 
and Student's t test for inter‐ and intra‐group analyses, respectively. 
The differences in mRNA levels among groups were compared using 
the Kruskal‐Wallis and Dunn tests or ANOVA and Tukey's test, 
whereas intra‐group differences were identified by Student's t test. 
Differences in glucose levels were compared using Student's t test 
and Kruskal‐Wallis/Dunn tests for intra‐ and inter‐group analyses, re‐
spectively.	The	significance	level	established	for	all	analyses	was	5%.

3  | RESULTS

The animals also did not lose significant weight throughout the ex‐
perimental period. Some animals were lost throughout the experi‐
mental	 period	 due	 to	 the	 conditions	 caused	by	 the	DM	 induction	
of diabetes. The number of animals at the end of the study was 18, 
17,	15,	16,	and	20	animals,	for	DM	+	PLAC,	DM	+	CURC,	DM	+	INS,	
DM	+	CURC	+	INS,	and	Non-DM	groups,	respectively.

3.1 | Glucose levels

Serum glucose levels were achieved 8 hours after insulin adminis‐
tration	 in	 the	morning.	 All	 DM	 rats	 presented	 significantly	 higher	

serum	 glucose	 levels	 (above	 300	 mg/dL)	 at	 the	 beginning	 of	 the	
study	 when	 compared	 to	 Non-DM	 animals	 (P < 0.05; Table 2). 
Non-DM	 rats	 preserved	 glycemic	 levels	 within	 normal	 conditions	
throughout the study (P	>	0.05;	Table	2),	whereas	DM	+	PLAC	group	
maintained elevated glucose levels at the end of experiment when 
compared to day 0 (P	>	0.05;	Table	2).	DM	+	INS,	DM	+	CURC,	and	
DM	+	CURC	+	INS	groups	showed	a	significant	reduction	in	glycemia	
at 30 days as compared to baseline (P < 0.05; Table 2). At the end of 
the	study,	DM	+	PLAC	animals	presented	the	highest	glucose	levels	
when compared to the other groups (P < 0.05; Table 2). Non‐diabetic 
animals displayed lower glucose levels at 30 days when compared 
to	DM	+	INS	and	DM	+	CURC	groups	(P < 0.05; Table 2), and no dif‐
ferences	were	detected	when	Non-DM	animals	were	compared	to	
those	treated	with	the	combination	INS	+	CURC	(P > 0.05; Table 2).

3.2 | Linear alveolar bone loss

The morphometric results related to linear measurements of alveo‐
lar bone loss are demonstrated in Figure 2. Significant differences 
in alveolar bone loss were demonstrated when compared bone 
levels between non‐ligated and ligated teeth in all experimental 
groups (P < 0.05), supporting that bone loss was consistent with 
the development of EP. Significantly higher bone loss was dem‐
onstrated when comparing alveolar ligation‐induced bone loss in 
the	DM	+	PLAC	group	vs	Non-DM	and	DM	+	CURC	+	INS	groups	
(P < 0.05). Additionally, increased bone loss was observed in ligated 
molars	of	DM	+	INS	rats	when	compared	to	those	treated	with	the	
association	CUR	+	INS	(P < 0.05). When inter‐group comparisons of 
alveolar bone loss were performed on non‐ligated molars, there was 
no difference between groups (P > 0.05).

3.3 | Gingival tissue immune‐inflammatory 
mediator's levels

Table	3	shows	gingival	tissue	mediator	levels	of	IL-1β,	IL-6,	IL-4,	IL-17,	
IFN‐γ, and TNF‐α in sites induced and non‐induced to periodontitis 
for all groups.

In the sites submitted to EP, inter‐group analyses showed sig‐
nificantly	higher	levels	of	IL-4	in	Non-DM	animals	when	compared	
to the other groups (P	<	0.05)	and	reduced	amounts	of	IL-17	in	Non-
DM	rats	when	compared	to	DM	+	PLAC	group	(P < 0.05), although 
a	 trend	 toward	 decreasing	 in	 IL-17	 amounts	 had	 been	 observed	
in diabetic rats treated with INS, CURC, or association (P > 0.05). 
Both animals, not induced to diabetes and diabetics treated with 

TA B L E  2  Glucose	levels	(mg/dL)	measured	before	the	start	of	the	treatments	(Day	0)	and	after	30	d	(Euthanasia)	of	the	experiment

 DM + PLAC DM + INS DM + CURC DM + CURC + INS Non‐DM

Day 0 440.53	±	69.97 441.00	±	83.47*  426.92	±	93.20*  461.43	±	69.68*  158.85	±	31.87† 

Day 30 467.00	±	62.20†  272.55	±	79.20‡  292.54	±	116.16‡  248.79	±	100.31 140.62	±	35.87

*Intra‐group differences statistically significant when compared to the baseline (P < 0.05; Kruskal‐Wallis/Dunn). 
†Inter‐group difference statistically significant when compared to the other groups (P < 0.05; Kruskal‐Wallis/Dunn). 
‡Statistically	significant	inter-group	difference	when	compared	to	the	Non-DM	group	(P < 0.05; Kruskal‐Wallis/Dunn). 
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CURC in association to INS, presented reductions in the levels of 
INF‐γ	when	compared	to	the	DM	+	PLAC	group	(P < 0.05) and in 
the concentrations of TNF‐α	when	compared	to	the	DM	+	PLAC	
and	DM	+	CURC	groups	 (P	<	0.05).	Moreover,	 the	combined	ad‐
ministration of INS and CURC reduced significantly the amounts 
of	 IL-6	as	compared	to	the	DM	+	PLAC	group	 (P < 0.05) and the 
levels	of	IL-1β when compared to the other diabetic groups treated 
with placebo or with INS or CURC as monotherapies (P < 0.05). 
Considering the non‐ligated sites, inter‐group evaluation demon‐
strated	that	DM	induction	in	animals	treated	with	placebo	or	iso‐
lated	 therapies	 (INS	or	CURC)	promoted	higher	 IL-1β and TNF‐α 
values	when	compared	to	Non-DM	animals	(P	<	0.05).	Moreover,	
lower	 levels	 of	 IL-6	 and	 IFN-γ	 were	 detected	 in	 Non-DM	 and	
DM	+	CURC	+	INS	rats	when	compared	to	the	DM	+	PLAC	group	
(P	<	0.05).	No	IL-4	and	IL-17	inter-group	differences	were	detected	
non‐ligated sites (P > 0.05).

Concerning the intra‐group analyses, all groups revealed higher 
levels	of	IL-6	and	IL-1β were in ligated than un‐ligated sites (P < 0.05), 
except	for	CURC	+	INS-treated	DM	animals	that	did	not	reveal	dif‐
ferences (P > 0.05).

3.4 | Gene expression levels

The	 gene	 expression	 inter-group	 analysis	 showed	 that	 Non-DM	
animals and those that received systemic intake of CURC, inde‐
pendently of INS association, presented significantly higher values 
of	mRNA	of	Runx2	 and	 SIRT	when	 compared	 to	DM	 rats	 treated	
with placebo (P < 0.05; Table 4) in sites with EP. Additionally, both 
Non-DM	 and	 DM	 +	 CURC	 +	 INS	 groups	 showed	 lower	 RANKL/
OPG ratio when compared to diabetic rats that received placebo 
control (P < 0.05; Table 4). Intra‐group comparisons indicated that 

DM	+	PLAC	animals	presented	increased	gene	expression	of	SIRT	at	
non‐ligated sites when compared to teeth submitted to periodontitis 
(P < 0.05; Table 4).

4  | DISCUSSION

Diabetes mellitus and periodontitis are complex chronic diseases 
with an established higher risk for the development periodontitis 
and	future	 tooth	 loss	 in	 the	presence	of	DM.5-7 CURC is a natural 
compound with promising effects in modulating the osteo‐immune‐
inflammatory and antioxidant host response both in periodontally 
diseased sites14-17,21,22 and in diabetes and related complications.19,20 
For the first time, this investigation assessed the natural curcumin's 
impact	on	the	progression	of	EP	in	rats	induced	to	DM.	The	results	
showed that the therapeutic use of natural CURC in association with 
INS reduced the alveolar bone loss in ligature‐induced periodon‐
titis, favorably modulating the host osteo‐immune‐inflammatory 
response.

The outcomes of the morphometric evaluations of the current 
study	 revealed	 that	 DM	 induction	 promoted	 higher	 periodon‐
tal disease progression and that diabetic rats treated with daily 
CURC	+	INS,	as	well	as	those	Non-DM,	presented	lower	linear	bone	
loss values in periodontitis sites, suggesting that the combined use 
of CURC and INS, and not the substances used alone, may positively 
influence	 periodontal	 breakdown,	 even	 in	 the	 presence	 of	 DM.	
Although promising effects of natural CURC on periodontal tissues 
have already been revealed in earlier experimental14,16,17,27 and also 
clinical studies,28,29 only few information is available concerning 
the influence of a chemically modified CURC on periodontitis in the 
presence of a recognized at‐risk condition as diabetes mellitus21,22 

TA B L E  3  Mean	(±SD)	of	immune-inflammatory	mediators	concentrations	(pg/mL)	measured	by	Luminex/MAGpix	assay

 IL‐4 IL‐1β IL‐6 IFN‐γ IL‐17 TNF‐α

DM	+	PLAC

Ligated 190.2	±	132.0	B 823.2	±	875.6	A 3230.5 ± 4385.6 A*  703.4	±	793.5	A 208.2 ± 141.4 A 63.1	±	39.3	A

Non‐ligated 125.9	±	60.3	A 238.5 ± 154.4 A*  1923.7	±	1442.8	A 158.5	±	101.7	A 158.5	±	101.7	A 67.2	±	33.5	A

DM	+	INS

Ligated 161.4 ± 223.1 B 666.5 ± 561.2 AB 1883.0	±	3599.0	AB*  299.9	±	371.5	AB 94.6	±	31.7	AB 48.3 ± 21.3 AB

Non‐ligated 117.94	±	38.6	A 213.6	±	229.2	A*  723.4	±	231.3	AB 161.8 ± 216.1AB 161.8 ± 216.1 A 34.9	±	09.9	A

DM	+	CURC

Ligated 116.6	±	97.9	B 619.9	±	502.9	AB 1804.9	±	1268.9	AB*  225.2 ± 208.4 AB 148.6	±	132.7	AB 50.0	±	27.2	A

Non‐ligated 146.2	±	89.7	A 260.3 ± 205.6 A*  960.1	±	621.0	AB 190.7	±	118.9	AB 190.7	±	118.9	A 60.6	±	25.9	A

DM	+	CURC+INS

Ligated 90.4	±	116.7	B 87.1	±	69.0	C 636.8	±	829.5	B 122.3	±	167.1	B 82.0	±	73.8	AB 33.5	±	15.9	B

Non‐ligated 87.6	±	69.4	A 59.1	±	39.1	AB 483.0 ± 618.4 B 71.5	±	46.0	B 71.5	±	46.0	A 43.5 ± 23.4 AB

Non-DM

Ligated 423.7	±	212.1	A 373.3	±	121.1	BC 1086.9	±	694.4	AB*  135.7	±	212.9	B 83.1 ± 56.4 B 33.1	±	23.9	B

Non‐ligated 184.6 ± 84.2 A 37.46	±	35.6	B*  506.1 ± 411.1 B 43.1 ± 53.1 B 131.1	±	47.4	A 27.0	±	08.1	B

Note: Different letters indicate significant difference inter‐group (ANOVA/Tukey; P < 0.05).
*Represents significant intra‐group difference (Student's t test; P < 0.05). 
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and there are no data revealing the impact of a natural CURC in the 
progression	 of	 EP	 associated	 with	 DM.	 Of	 importance,	 although	
some evidence has suggested that certain chemically modified 
CURC shows improved solubility and bioavailability in comparison 
with natural CURC,30,31 advantages related to the natural form of 
CURC include the facility to obtain the substance and greater pos‐
sibility of using this therapeutic agent for clinical application in the 
future. In addition, the use of the natural product (30 mg/kg/d, dose 
as employed in the current study) has already proved to be promising 
as a host modulatory agent in periodontal disease pathogenesis and 
to reduce the alveolar bone loss related to periodontitis.16,17

In fact, evidence from previous studies supports that the dys‐
regulation of osteo‐immune‐inflammatory biomarkers, a known ef‐
fect of diabetes, may be a contributing factor in the development 
of periodontal bone loss.32 In this regard, we showed that sites with 
EP	from	the	DM	+	PLAC	group	had	reduced	concentration	of	anti-
inflammatory	 IL-4	 in	 comparison	with	 sites	 from	Non-DM	 group	
and	 also	 presented	 the	 highest	 levels	 of	 pro-inflammatory	 IL-17,	
IL-1β,	 IL-6,	 IFN-γ, and TNF‐α, supporting the notion that diabetes 
has a direct and negative impact on periodontitis. In line, a recent 
consensus of the European Federation of Periodontology and the 
International	Diabetes	 Federation	 stated	 that	 elevations	 in	 IL-1β, 
TNF‐α,	 and	 IL-6	 may	 be	 reported	 as	 mechanistic	 links	 between	
periodontitis and diabetes.33 Accordantly, Ribeiro et al5 reported 
that diabetes mellitus up‐regulates the levels of pro‐inflammatory 
cytokines	and	down-regulates	the	production	of	IL-4	in	sites	with	
chronic periodontitis.

Concerning the therapeutic role of natural CURC on the mod‐
ulation of these mediators in sites with EP, our data showed that 

only the combined use of CURC and INS was efficient to reduce the 
levels of INF‐γ	when	compared	 to	 the	DM	+	PLAC	group	and	 the	
concentrations of TNF‐α	when	 compared	 to	 the	DM	+	 PLAC	 and	
DM	+	CURC	groups,	highlighting	the	relevance	of	the	associated	ap‐
proach to achieve significant benefits in the local host modulation 
of	these	biomarkers.	Moreover,	the	combined	administration	of	INS	
and	CURC	reduced	significantly	the	amounts	of	IL-6	as	compared	to	
the	DM	+	PLAC	group,	also	decreasing	the	levels	of	IL-1β when com‐
pared to the other diabetic groups treated with placebo or with INS 
or CURC as monotherapies. Previous studies in non‐diabetic rats 
have ever demonstrated that CURC was efficient to reduce the levels 
of pro‐inflammatory cytokines, such as TNF‐α,	IL-6,	and	IL-1β, to es‐
sentially normal levels in the gingival tissues with EP.14,15,34 However, 
no data are available concerning the impact of natural CURC in the 
host response related to periodontitis in the presence of diabetes. 
In this regard, recently, Elburki et al21,22 studies evaluated the use 
of a chemically modified CURC (oral gavage of 30 mg/kg, during 
3 weeks) to manage EP in a rat model of diabetes. According to the 
authors, gingival tissue with periodontitis from animals treated with 
a chemically modified CURC revealed reduction of the pathologi‐
cally	excessive	levels	of	matrix	metalloproteinase	(MMP)-2,	MMP-8,	
and	MMP-9	and	also	decreased	concentrations	of	TNF-α,	IL-6,	and	
IL-1β0.21,22 Nevertheless, these studies21,22 did not compare the ef‐
fectiveness of CURC alone with the adjunctive role of CURC in com‐
bination with INS, as performed in the current investigation, making 
difficult comparisons. Taken together, our immune‐enzymatic assay 
supports that the decrease in key immune‐inflammatory mediators 
(INF‐γ, TNF‐α,	IL-1β,	and	IL-6)	related	to	a	pro-inflammatory	and	os‐
teoclastic profile can provide some pathways to explain the most 

TA B L E  4  Mean	±	(SD)	of	relative	levels	of	mRNA	for	all	genes	(mRNA	gene/mRNA	GAPDH)

 

Gene/GAPDH

Runx2 (×10−3) RANKL/OPG (×103) SIRT Dkk1(×102) Sost (×102)

DM	+	PLAC

Ligated 0.529	±	0.575 0.249	±	0.356 4.590	±	5.712 4.953	±	5.997 6.177	±	6.273

Non‐ligated 0.630	±	0.579 0.041 ± 0.051 14.173	±	9.115†  2.013 ± 2.610 3.895	±	4.793

DM	+	INS

Ligated 1.589	±	1.037 0.020 ± 0.028 15.617	±	14.405 4.952	±	2.320 6.008	±	3.769

Non‐ligated 2.238 ± 2.043 0.009	±	0.009 22.769	±	18.292 2.308 ± 1.086 4.642	±	2.788

DM	+	CURC

Ligated 2.255	±	1.289*  0.016 ± 0.014 22.533	±	16.781*  3.059	±	3.379 4.181 ± 4.526

Non‐ligated 2.067	±	2.959 0.042	±	0.090 29.071	±	26.121 2.038 ± 2.228 2.187	±	2.557

DM	+	CURC	+	INS

Ligated 3.024 ± 3.244*  0.005 ± 0.004*  21.860	±	16.617*  2.301 ± 2.006 3.349	±	5.124

Non‐ligated 2.077	±	1.340 0.003 ± 0.004 26.751	±	12.292 2.277	±	2.184 2.416	±	2.901

Non-DM

Ligated 2.829	±	1.693*  0.005 ± 0.006*  24.822	±	20.427*  3.463 ± 2.086 2.766	±	3.690

Non‐ligated 1.977	±	0.982 0.011 ± 0.014 30.132	±	19.852 2.185	±	1.493 1.135 ± 1.553

*Significant	inter-group	difference	when	compared	to	DM	+	PLAC	(Kruskal-Wallis/Dunn;	P < 0.05). 
†Significant intra‐group difference (Student t test; P < 0.05). 
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efficient impact of the associated use of CURC and INS in controlling 
the alveolar bone loss in periodontally diseased sites in the pres‐
ence of diabetes. It is relevant to emphasize that the immune‐en‐
zymatic assay used in this study may present substantial variations 
on the levels of the mediators analyzed, as earlier reported in previ‐
ous clinical35-37 and experimental researches,34,38‐40 indicating that 
variations are expected when using these assays, as observed in the 
current data.

In the present study, both the immune‐inflammatory outcomes 
and those observed in terms of linear bone loss at ligated sites of 
DM	+	CURC	+	INS	group	may	also	be	supported	by	the	qPCR	data	
that	demonstrated	 that	RANKL/OPG	mRNA	 ratio	was	down-regu‐
lated after using this combined approach when compared to diabetic 
rats that received placebo control. In line with our data, Zhou et al15 
evaluating the role of CURC on EP in non‐diabetic situations con‐
firmed that CURC may decrease alveolar bone loss via suppressing 
the	expression	of	RANKL/RANK/OPG.	Previously,	in	another	exper‐
imental investigation, Chen et al41 have ever revealed that CURC al‐
leviates glucocorticoid‐induced osteoporosis, among other pathways, 
through	the	up-regulation	of	the	ratio	of	OPG	to	RANKL.

In addition, gene expression analysis of this study also 
showed in periodontally diseased sites that CURC therapy as‐
sociated	 with	 INS	 or	 even	 alone,	 when	 compared	 to	 DM	 rats	
treated with placebo, promoted up‐regulation of Runx2, which 
is essential for skeletal development.42 Earlier in vitro investiga‐
tions also demonstrated that CURC increased the expression of 
Runx2.43,44 In accordance, in a study evaluating the protective 
effects of CURC on the bones of rats with dexamethasone‐in‐
duced osteoporosis, Chen et al41 reported that the bone‐protec‐
tive effects of CURC were mediated through the regulation of 
Runx2. Our gene expression outcomes also revealed that the use 
of CURC (alone or combined to INS), when compared to placebo 
therapy, encouraged up‐regulation of SIRT, found persistently in 
reduced	 levels	 in	DM	patients45 and associated with regulation 
of mitochondrial antioxidant defense.39 Gounden et al47 shown 
that SIRT, in fact, is important to increase antioxidant defense 
and to promote resistance to oxidative stress‐induced damage 
under hyperglycemic conditions. In agreement with our find‐
ings, a recent in vitro study revealed that SIRT was significantly 
increased after the therapy with CURC under hyperglycemic 
conditions.48 Interestingly, Ding et al,49 using mouse pre‐osteo‐
blastic	MC3T3-E1	cells,	showed	that	SIRT	is	required	for	osteo‐
genic differentiation, supporting the relevant biological role of 
this marker in conditions involving bone tissue breakdown, as 
revealed in the present study.

In	this	study,	the	experimental	model	for	DM	was	accomplished	
by the administration of streptozotocin, which has a cytotoxic con‐
sequence on pancreatic β‐cells, being that these cells are the main 
cells of the pancreas responsible for the production of insulin in 
the body. Thus, hyperglycemia is induced, producing an insulinope‐
nic	of	DM	type	1,	since	reduced	residual	insulin	secretion	is	main‐
tained.23,50‐52 It is important to highlight that, in the present study, 
CURC used alone was able to achieve reduction of blood glucose 

levels	to	near	normal,	as	well	as	INS	therapy	or	CURC	+	INS	associ‐
ation, differently of outcomes observed by Elburki et al21,22 inves‐
tigations. In a line with our data, earlier in vivo and in vitro findings 
have ever reported that CURC is able to provide anti‐diabetic ef‐
fects by exerting anti‐hyperglycemic properties, improving β‐cell 
function and insulin secretion, recruiting glucose transporters to 
the cell surface and avoiding islet cell death.18,53 Noteworthy, glu‐
cose homeostasis is not always achieved in experimental models 
following CURC treatment since the doses and vehicle employed 
and administration period are key characteristics that significantly 
impact on glycemic status.54,55 In clinical studies, the therapeutic 
action of CURC on glucose levels is contradictory, presenting both 
successful56 and no effective results57 and additional data are re‐
quired to support the predictability of CURC as an anti‐diabetic 
agent.58

In conclusion, the findings of this study suggest that natural 
CURC, when associated with INS, may prevent periodontal break‐
down in the presence of diabetes, supporting its employment as a 
therapeutic strategy to the treatment of periodontitis at this risk 
condition. A beneficial modulation on osteo‐immune‐inflammatory 
mediators and improve on oxidative stress in periodontitis sites clar‐
ify, at least in part, a probable pathway of curcumin action during 
periodontitis at diabetic circumstances. Additional studies, includ‐
ing supplementary biomarkers of osteo‐immune‐inflammatory 
and oxidative stress systems, are essential to clarify the molecular 
mechanisms by which natural CURC exerts its hopeful impact on 
periodontitis	in	the	presence	of	DM.
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