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The Diabetic Dental Pulp Repair: Involvement of Vascular Endothelial
Growth Factor and Bone Morphogenetic Protein 2

Penapanuja qujabetudne 3yOHe myJime: yiora BaCKyJIapHOT €HI0TEITHOT
dakTopa pacta u KOCTHOT MOP(OTeHETCKOT POTEenHA 2

SUMMARY

Introduction/Objective We aimed to investigate the effects
of diabetes mellitus (DM) on rat dental pulp repair by
measuring time-dependent changes in expressions of
vascular endothelial growth factor (VEGF) and bone
morphogenetic protein (BMP 2) following direct pulp
capping.

Methods Two groups, each of 20 Wistar rats, received either
streptozotocin (for DM induction) or the same volume of
sterile saline. One week later, the pulp of maxillary and
mandibular right incisors in diabetic and nondiabetic groups
were exposed and capped with calcium hydroxide in order to
provoke reparative response. The levels of VEGF and BMP
2 were determined in the pulp tissue lysates one and seven
days after the pulp capping, using enzyme-linked
immunosorbent assays.

Results Diabetic state per se increased VEGF level; with a
peak at first day after the pulp capping (19.3 + 0.9 pg/mg, p
< 0.001), but did not affect BMP 2 levels. Significant
increase of BMP 2 expression was noticed on seventh day in
capped pulp, but only in diabetic rat (16.7 + 1.0 pg/mg, p =
0.001). Positive correlation between VEGF and BMP 2 was
found on seventh day following capping, only in diabetic
pulp (r =0.905, p = 0.003).

Conclusion Diabetes-induced increase in VEGF expression
reflects changes in'the inflammatory phase of pulp repair in
DM. Increase-in BMP 2 expression suggest that stimulating
effect of /calcium hydroxide = appears seven days after
diabetic pulp capping.

Keywords: Dental pulp capping, Diabetes, Vascular
endothelial growth/ factor, Bone-morphogenetic protein 2,
Calcium hydroxide

INTRODUCTION

CAKETAK

YBon/umib Lusb oBe cryauje 61o je na ce ucnuta edekar
nujabereca menutyca (JJM) Ha penapanujy 3y0He myie
IaloBa yTBphUBambEM BPEMEHCKH 3aBHCHUX TIPOMEHA Y
eKCIIPECHjH BaCKyJIapHOT €HIOTEIHOT (hakTopa pacTa
(VEGF) u xoctHOT MOpdoreHerckor nporenHa 2 (BMP 2)
HaKOH AUPEKTHOT MPEKpUBAA ITyJIIe.

Mertone Vctpaxusame je CHPOBEICHO Ha TaioBumMa Buctap
coja, MOJIEJbeHUM Yy ABE TpyHe ox 1o 20 )KUBOTHA, TIPH
YyeMmy je jeqHa TpyHa Jo0OmiIa CTPEnTO30TOIMH (32 HHIYKLH]Y
M), a npyra crepuiiH# HU3HOTOMKHA PACTBOP Y HCTO]
3anpemMuHd. HakoH Hezesby /aHa, MyJIle MaKCHIApHUX U
MaHINOYIIapHUX TOHHUX HHIU3HBA KOA AUjaOCTHIHNX U
HeHjabeTHIHNX KMBOTHEA Cy eKCIIOHUPAHE M 0JJMaxX
3aTHM NPEKPUBEHE KaNIHjyM XUIPOKCUIOM Jia 01 ce
13a3Bao penapatopuu oarosop. Husou VEGF u BMP 2 cy
YIBphMBaHU y JIU3aTHMa MYJIITHOT TKHBA, IPBOT M CEAMOT
JlaHa HAKOH AUPEKTHOT mpekpuBama ELISA
HMYHOCH3HMCKUM TECTOM.

Pesyaratu J{ujabernuno crame je moseino a0 pacra VEGF
HHUBOA, CA MAKCHMYMOM YTBPl)eHUM IPBOT JaHa HAKOH
npekpuBama mysme (19.3+0.9 pg/mg, p < 0.001), anu Huje
yrunano Ha HuBoe BMP 2. 3nauajan mopact BMP 2 je
yTBpheH ceaMor JlaHa HaKOH NPeKpUBamba IyJIe, ajld caMo
Koz aujabernununx narosa (16.7 £ 1.0 pg/mg, p = 0.001).
Ko/1 0BUX )KMBOTHE-A Y HCTOM BPEMEHCKOM TIEPHOJY HAKOH
MpeKpHBamka HaljeHa je MO3UTUBHA Kopenanuja n3mehy
VEGF u BMP 2 nusoa (r = 0.905, p = 0.003).

3aksbyuak /lnjaberecom naaykoBaH nmopact VEGF
eKCIIpecHje yKasyje Ha poMeHe y HH(IaMaTopHoj (aszu
nynnHe penapanuje. [Topact BMP 2 ekcripecuje ykasyje na
ce CTUMYJIaTHBAaH PerapaTopHU eeKaT KaIHjyM
XHUAPOKCH]I jaBJba CEIMOT JIaHa HaKOH MPEeKpUBamba
IjabeTHIHE IyIIIe.

Kipyune peuu IIpexpuBame nynme, [ujaderec,
Backynapuu ennorensu ¢akrop pacra, Koctau
MOp(OTreHETCKH TPOTeHH 2, Kanmujym Xuapokcusa

Under pathological conditions, such as injury or infection, the dentine—pulp complex

shows significant reparative response initiated by an inflammatory reaction, prerequisite for

pulp healing and mediated principally by macrophages [1]. Besides clearing the injury site,

macrophages are the main source of the growth factors, including vascular endothelial growth

factor (VEGF) and bone morphogenetic protein 2 (BMP 2), required for tissue repair [2, 3].
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Dental pulp repair rely on dental pulp stem cells that migrate to the site of injury,
differentiate and proliferate into endothelial cells, involved in angiogenesis, or into
odontoblasts- for dentin generation, processes regulated by growth factors, among others
VEGF and BMP 2 [1, 4]. Recent study from Aksel et al. showed that in vitro delivery of
VEGF and BMP 2 significantly enhanced the angiogenic and odontogenic potential of human
dental pulp stem cells [4]. Noteworthy, the alteration in expression of VEGF and BMP 2 has
been identified within human dental pulp cells in inflammation [5, 6] aswell as in human
diabetic pulp tissue [7].

Diabetes mellitus (DM) impede healing of dental pulp resulting in inadequate
reparative response [8], yet underlying molecular mechanisms are still not clarified. Recent
study investigating diabetic wound healing point at alterations in the inflammatory phase due
to macrophages dysfunction as a critical event in impaired tissue healing in DM [9]. Having
in mind that dental pulp; due to its limited collateral circulation, is especially sensitive to
diabetes-induced circulatory disorder and associated failure to deliver components of the
immune system and growth factors [10], we aimed to investigate effects of diabetes on initial
events of dental pulp repair by means of measuring time-dependent changes in VEGF and

BMP 2 expression in rat dental pulp following direct capping.

METHODS
Reagents

Streptozotocin (STZ) was purchased from Sigma-Aldrich (St. Louis, Mo, USA). The
enzyme-linked immunosorbent assay (ELISA) kits for VEGF (Rat VEGF ELISA Kit) were
purchased from RayBiotech Inc. (Norcross, GA, USA) and the ELISA kits for BMP 2

(Quantikine BMP-2 Immunoassay) were purchased from R&D Systems Inc. (Minneapolis,
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MN, USA). Other reagents, medicaments and dental materials were procured from standard

local commercial suppliers.

Experimental animals

The study was conducted on 40 Wistar rats with a body weight between 2509 and
300g obtained from Military Medical Academy (Belgrade, Serbia). The study was reviewed
and approved by the Ethic committee of the School of Dental Medicine; University of
Belgrade (approval number: 36/8) and was carried out in accordance with the EU Directive
2010/63/EU for animal experiments. The animals were randomly allocated in either
experimental (diabetic) or control (nondiabetic)-group (20 animals per group). Both
experimental and control group were additionally divided into two groups of 10 animals
according to the duration of induced pulp reparative response (one day and 7 days). All rats
were housed in wire-bottomed cages (5 animals per cage), with ad libitum food and water, on

a 12 h light-dark schedule.

Induction of diabetes

All the animals underwent overnight fasting prior to induction of hyperglycaemia by
intraperitoneal injection of 60 mg/kg of STZ, ex tempore dissolved in sterile saline [11].
Animals in control group were injected with the same volume of sterile saline. Blood glucose
levels were estimated on blood from tail vein using GlucoSure glucometer and Touch-In test
strips (Apex Biotechnology Corp, Taiwan), 5 min. before, 24 h and 7 days after STZ or saline
administration. Only the animals showing 200 mg/dl blood glucose level were considered as

diabetic.
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Operative procedures

One week after the STZ or sterile saline injection, all animals underwent cavity
preparation procedures on distal surfaces of right mandibular and maxillary incisors in order
to provoke pulp reparative response. Left incisors remained intact and served as controls. The
rats were anaesthetized with an intramuscular injection of 20 mg/kg tiletamin-zolazepam
combination (Zoletil 100, Virbac, Carros, France). Before cavity preparation, oral cavity was
disinfected with 0,2% chlorhexidine digluconate (Curasept 220, Curaden.International AG,
Kriens, Switzerland) and teeth additionally scrubbed with cotton pellet soaked with 70%
ethanol. Aided with magnifying glasses (magnification4,5x; Zeiss, Aalen, Germany),
cavities were prepared with a micro motor handpiece and a carbide round burs (ISO 006;
NTI, Kahla, Germany) until the pulp was visible. The cavities were prepared under constant
water cooling. Pulp exposure was subsequently created with a sterile sharp probe (Ref. 27-3;
HLW, Wernberg-Koblitz, Germany). The cavities were rinsed with saline solution, and
haemostasis obtained with sterile, saline soaked paper points. After the careful air-drying of
the cavities, pulp tissue was directly capped with calcium hydroxide (Ca(OH),) paste (Life;
Kerr Corp., Orange, CA, USA) in order to induce reparative response, and cavities were
restored using a self-etch, flowable composite restoration material (Vertise Flow; Kerr Corp.,

Orange, CA, USA).

Sample collection and preparation

Sacrifices of randomly chosen 10 animals in both diabetic and non-diabetic group
were done one day after the capping procedure, using an overdose of thiopental-Na
(Trapanal, Nycomed, Konstanz, Germany). The sacrifices of remaining 10 animals in
diabetic and nondiabetic groups were done in the same way 7 days after the induction of pulp

reparation. The incisor teeth were extracted and split using excavators and pliers, and pulp
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tissue evacuated with sterile probes and tweezers. The samples of pulp in reparation were
formed as pools of pulp tissue from right mandibular and maxillary incisors of a single
animal. Similarly, pools of intact pulp tissue were obtained from contra lateral intact incisors.
Specimens were transferred directly to previously weighed Eppendorf tubes. Tubes with pulp
tissue were then measured for total weight and stored at -70°C until further use. All weight
measurements were conducted using high precision (readability: 10*g) Adventurer ™ digital
balance (OHAUS, Corp., Pine Brook, NJ, USA). The samples weights were calculated by
subtracting total and empty tubes weights.

After homogenization, the pulp tissue lysates were centrifuged at 5000g for 10 min in
micro-centrifuge (Heraeus* Biofuge Primo R, Thermo Fisher Scientific, Waltham, MA,
USA), the supernatants were collected, divided into two aliquots (for VEGF and BMP 2

concentration measurement) and stored at -70°C until further analysis.

VEGF and BMP 2 quantification

Concentrations of VEGF and BMP 2 were measured in supernatants of rat pulp tissue
lysates using ELISA Kkits according to the manufacturer’s instructions. The absorbencies of
microplate wells at 450 nm were recorded using Multiskan EX microplate reader (Thermo
Fisher Scientific, Waltham, MA, USA). Each standard and sample was run in duplicate for
both growth factors (GF) and the value used for statistical analysis was the average of two
readings. The final GF concentrations of each pulp sample were normalized to its total

weight. Results were expressed as pg/mg of pulp tissue.
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Statistical analysis

Mean values and standard error of mean (SEM) were used for descriptive statistics of
the sample. Parametric statistic analysis was used since the obtained concentrations of GF,
blood glucose levels and body weight were normally distributed (Shapiro-Wilk test, P>0.05)
and variance of observed groups were homogenous (P>0.05). Data were analyzed using one
way analysis of variance (ANOVA) with post hoc Holm-Sidak method forpair-wise
comparisons, and Pearson correlation coefficient. Analyses were computed with the statistical
software (SPSS 18.0, IBM Statistics, USA). A P value less than-0.05 was considered to be

statistically significant.

RESULTS
Variables of diabetic state

Diabetic animals expressed hyperglycaemia and significant loss of body weight
(Table 1).
VEGF protein expression in dental pulp

Diabetic rats showed significant increase of the VEGF pulp levels (P<0.001)
compared to nondiabetic in both intact and capped pulp, regardless of examined capping time
duration (Fig 1). Diabetes per se increased VEGF levels at both time points: 19.3+0.9 pg/mg
in diabetic vs. 11.7+1.8 pg/mg in nondiabetic intact pulp on the 1% day, and 18.5+0.6 pg/mg
in diabetic vs 10.7+1.2 pg/mg in nondiabetic intact pulp on the 7" day. Also, capping with
Ca(OH); per se increased VEGF levels on the 1% day both in diabetic pulp (28.2+1.7 pg/mg
in capped vs. 19.3+0.9 pg/mg in intact pulp) and in nondiabetic (18.9+1.0 pg/mg in capped

vs. 11.7£1.8 pg/mg in intact pulp).
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BMP 2 protein expression in dental pulp

BMP 2 pulp levels were not significantly altered in diabetic compared to nondiabetic
animals, in either intact or capped pulp. However, on the 7" day, diabetic capped pulp
showed significantly higher BMP 2 levels compared to diabetic intact pulp (16.7+1.0 pg/mg
vs. 10.7£0.2 pg/mg, P=0.001) (Fig 2).
VEGF-BMP 2 correlations

In nondiabetic animals, there was a significant negative correlation between pulp
VEGF and BMP 2 levels on the first day after capping. In diabetic pulp samples, VEGF and

BMP 2 were positevely correlated on the seventh day after capping (Table 2).

DISCUSSION

Pulp healing in rats shows histological similarity to pulp healing in humans after
direct pulp capping with different dentinogenetic-stimulating agents [12]. Although rat molar
teeth are more frequently used as model for human teeth for histological analysis of dentin
repair [13], in the present study, due to voluminous pulp, incisor teeth were used in order to
provide the required amount of pulp tissue necessary for VEGF and BMP 2 quantification.
Raodent incisor teeth, although differing from human for their constant growth, were proposed
as a useful model for evaluating potential human dental pulp reactions to pulp capping agents
and were used previously to evaluate several aspects of pulp repair and inflammation [14,
15]. The repair of dental pulp after direct capping by Ca(OH), implies following sequential
steps: a moderate inflammation, migration of dental pulp stem cells, their proliferation and
differentiation resulting in reparatory dentin formation [1]. Inflammation is prerequisite for
pulp repair as a first step, resolved during the first week and is characterized by infiltration of
macrophages starting from the first day after trauma or capping [1, 16]. Spiller et al. showed

that M1 macrophages, predominant in initial inflammatory phase, express VEGF gene in
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order to support angiogenesis [17] but also, VEGF is necessary for M1 to shift to M2
macrophage phenotype and to resolve inflammation [18].

Present results show that capping procedure induce VEGF expression being the
prominent on the first day after the procedure while returning to control levels on the seventh
day after the capping, suggesting significance of VEGF for the inflammatory phase of pulp
repair after capping. Namely, previous studies showed an increase in capillary proliferation
and inflammation being intensive one to three days after direct pulp capping of rat teeth with
calcium hydroxide [12], suggesting time line for inflammatory phase following capping.

The effects of Ca(OH), as capping material rely-onits dissociation into calcium and
hydroxyl ions. Hydroxyl ions exhibit antibacterial properties due to alcaline‘reaction and
stimulates reparative dentin formation [19]. Oxidation of hydroxyl ions results in formation
of hydroxyl radicals, which is able, as reactive oxygen species (ROS), to induce VEGF
expression [20]. Beside'ROS,; another potent stimulus for VEGF induction is hypoxia. In line
with this, our results show that experimentally induced diabetes caused a significant increase
of VEGF levels in intact and capped dental pulp. This is probably induced by both
hyperglycaemia and hypoxia, strong stimuli for VEGF induction, effects potentiated by the

fact that dental pulp has limited or no collateral circulation [21], therefore is more prone to

hypoxia-induced VEGF induction. Furthermore, intensive ROS generation and resulting
oxidative stress are hallmark of diabetes and induced VEGF [22] and, accordingly, our
previous studies showed oxidative stress in dental pulp tissue of patients with type 2 DM
[23]. In line with the proposed mechanism of redox-mediated VEGF induction by Ca(OH),
and DM is the fact that present results show the greatest VEGF induction in both capped and
diabetic dental pulp. Having in mind that diabetic state is characterized by an imbalance in
the ratio of M2-“anti-inflammatory” and M 1-“pro-inflammatory* macrophages in the favor

of the latter [24], present results of enhanced VEGF expression in DM could be reflecting
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proinflammatory state induced by M1 macrophages prevalance but also, VEGF
overexpression could contribute to resolving inflammation by activation of M2
“antiinflammatory macrophages.

Regarding BMP-2 levels, present results show significant increase in BMP 2
expression only in diabetic rats, 7 days after pulp capping, suggesting that BMP-2 induction
depends on both Ca(OH), and diabetic state. It is well known that BMP 2 promotes the
differentiation of pulp stem cells into odontoblasts and production of reparative dentin,
phases following inflammation resolution [25] which is in line with presently observed
negative correlation between VEGF and BMP-2 observed on the first day after capping in
nondiabetic pulps. Regarding mechanisms underlying stimulatory effects of calcium
hydroxide on BMP 2 expression under diabetic state, it is noteworthy that in addition to
ROS-stimulated BMP 2 expression [26], increased availability of Ca*? ions is also associated
with an increase in cellular BMP 2 expression [27]. These effects are potentiated in the
diabetic state- state of oxidative stress and acidic environment which enhance BMP 2
expression and stability [28] but also, BMP 2 -VEGF mutual association, suggested by
observed positive correlation between BMP-2 and VEGF in DM. Having in mind that dental
pulp stem cells isolated from diabetic patients show diminished capacity for proliferation and
differentiation and that BMP 2 supplementation enhanced differentiation of pulp stem cells
into odontoblasts in vitro [29], present results point at the beneficial effects of calcium

hydroxide as the direct capping agent in the DM for pulp repair.

CONCLUSION
Studies of dental pulp repair processes in vivo in humans are ethically and practically
limited and, therefore, present results obtained in diabetic rat represent biologic background

for consideration of therapies directed toward maintaining pulp vitality in diabetic dental
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pulp. Namely, we showed DM- and calcium hydroxide- induced increase in VEGF
expression which reflects changes in the inflammatory phase of pulp healing. On the other
side, our results point at the beneficial effects of Ca(OH), in direct capping in DM due to an

increase in BMP 2 - critical mediator for reparative dentin formation.
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Table 1. Glycaemia (mg/dL) and body weight (g) values in experimental animals.

Group Initial glycaemia Final glycaemia Initial weight Final weight
Diabetic 90.8 +2 204.7 £2.3° 277 +5.78° 246+ 6.18°
Nondiabetic 95.1+23 100.9 +2.2° 287 +£4.96 299 +3.7

Values are presented as mean=SEM. Superscript letters represent significant differences (p <
0.05, One-way ANOVA & Holm-Sidak post hoc test).

a—vs. glycaemia in all other groups

b — vs. initial glycaemia in diabetic group

¢ — vs. final body weight in diabetic group

d — vs. body weight in nondiabetic groups

Diabetic group - experimental animals received streptozotocin

Nondiabetic group - experimental animals received saline

Initial glycaemia and body weight values were estimated 5 min. before STZ/saline injection

Final glycaemia and body weight values-were estimated at the time of sacrifice
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Table 2. VEGF-BMP 2 correlations

Experimental | 1 11 v \Y Vi VIl VIl
groups
GF VEGF VEGF VEGF VEGF VEGF VEGF VEGF VEGF
I BMP 2 | r=-0.353
p =0.560
1 BMP 2 r=-0.248
p =0.688
1 BMP 2 r =0.905*
p =0.0348
v BMP 2 r=-0.410
p =0.493
\% BMP 2 r=-0.881*
p =0.0482
| BMP 2 r=0.592
p =0.293
VIl | BMP 2 r=-0.363
p = 0.548
VIl | BMP 2 r=-0.662
p=0.224

GF — growth factor; r — Pearson correlation coefficient; * — significant correlation (p < 0.05);
Experimental groups: | — diabetic rats, capped pulp, 1" day; Il - diabetic rats, intact pulp, 1%
day; 111 — diabetic rats, capped pulp, 7" day; IV = diabetic rats, intact pulp, 7" day; V —
nondiabetic rats, capped pulp, 1% day; VI —nondiabetic rats, intact pulp, 1% day, VII —
nondiabetic rats, capped pulp; 7" day; V111 = nondiabetic rats, intact pulp, 7" day

DOI: https://doi.org/10.2298/SARH2002280571 Copyright © Serbian Medical Society



Srp Arh Celok Lek 2020 | Online First September 3, 2020 | DOI: https://doi.org/10.2298/SARH2002280571 16

A

30

25

20

15

W Mondiabetic rats

= Diabeticrats

VEGF (pg/mg)

10

Intact pulp Capped pulp

30

25 =

20

15 - | Nondiabetic rats

W Diabetic rats

VEGF (pg/mg)

10 -

Intact pulp Capped pulp

re 1. VEGF levels (pg/mg of tissue) in intact and capped dental pulp in diabetic and
nondiabetic rat. Bars represent mean + SEM of pulp VEGF levels on first (A) and seventh
day (B) after pulp capping in diabetic and nondiabetic rat
a- p <0.001 diabetic compared to nondiabetic rats
b- p <0.001 capped compared to intact pulp
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Figure 2. BMP-2 pulp concentrations (pg/mg of tissue) in intact and capped dental pulp in

diabetic and nondiabetic rat. Bars represent mean + SEM of pulp BMP 2 levels on first (A)

and'seventh day (B) after pulp capping in diabetic and nondiabetic rat

b- p =0.001 capped compared to intact pulp
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