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ABSTRACT

Purpose: This study aimed to compare the effect of two anticollagenolytic agents, 
chlorohexidine and Aloe vera on dentin microhardness and their effect as pretreatments 
on the remineralization potential of CPP-ACFP. Materials and Methods: For this 
study, 40 extracted sound human premolars were subjected to artificial erosion and ran-
domly divided to two equal groups (20 premolars each) according to immersion in the 
tested anticollagenolytic agents (A); group (A1) Aloe vera and group (A2) Chlorhexidine. 
Each group was further subdivided into two equal subgroups (10 premolars each) ac-
cording to microhardness measurement (B); group (B1): before CPP-ACFP application 
and group (B2): after CPP-ACFP application. Results: Results showed no statistically 
significant difference between Aloe-Vera and CHX; both statistically increased dentin 
microhardness. After immersion, AFCP showed statistically significantly higher mean 
microhardness than no AFCP application (P-value = 0.003) for Aloe vera and (P-value 
= 0.012) for CHX. Conclusion: Aloe vera and CPP-ACFP produced synergistic effect 
for enhancing dentin remineralization in erosive lesions.

INTRODUCTION

Dental erosion is known as loss of dental hard tissue caused by ac-
ids, without involvement of bacteria. Human dentin has different types 
of Matrix metalloproteinases (MMPs), including MMPs 2, 3, 8, 9  
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and 20(1). MMPs are known to play a key role in 
dentin organic matrix destruction following demin-
eralization(2). Therefore (MMP) inhibition can re-
duce dentin organic part destruction(3).

Chlorhexidine (CHX) is considered as the most 
famous endogenous dentine enzyme inhibitor. It has 
an inhibitory effect on the MMPs (against MMPs 2, 
8 and 9) in the dentin(4,5). In recent years, the poten-
tial for the inhibition of MMPs by substances de-
rived from natural products has gained increasing 
attention. Among the numerous plants with thera-
peutic potential, Aloe vera is considered as a miracle 
plant due to its magical healing property in various 
human diseases. Aloesin, aloin and aloe-emodin 
are the most important metabolites in Aloe vera gel 
which exhibits MMP inhibitory effect against MMP 
2 and 9(6).

Several approaches studied dentin remineraliza-
tion, using  fluoride and amorpous calcium phos-
phate(7). Combination of Amorphous Calcium Fluoride 
Phosphate (ACFP) and Casein Phospho Peptides 
(CPP) which form a complex (CPP-ACFP) has been 
suggested to be effective in calcium and phosphate 
ions precipitation and in teeth remineralization(8).

MATERIALS AND METHODS

Teeth selection and preparation:

For this study, 40 freshly extracted sound human 
maxillary first premolars were divided into two 
equal groups (20 premolars each) according to 
immersion in the tested anticollagenolytic agent A: 
group (A1) Aloe vera and group (A2) Chlorhexidine. 
Each group was later subdivided into two equal 
subgroups (10 premolars each) according to 
microhardness measurement group B1: before CPP-
ACFP application and group B2: after CPP-ACFP 
application.

Specimen preparation:

The teeth were sectioned longitudinally, by low 
speed saw cutting; ISOMET 4000 (Buehler Ltd., 

Lake Bluff, IL, USA) to expose the dentin of the 
buccal aspect of the tooth. The specimens includ-
ing the roots were embedded in auto polymerizing 
acrylic resin.

A carbon pencil was used to mark a horizontal 
small window on the cervical coronal part of each 
specimen. Each specimen was coated with two lay-
ers of dark color acid resistant nail varnish except 
for the exposed window (3×3 mm) for application 
of tested materials(9-11). Baseline surface microhard-
ness of the dentine specimen was recorded by using 
Vicker’s microhardness tester(12, 13).

Erosive lesions preparation:

For erosive demineralization, the prepared teeth 
specimens were immersed in a glass container 
filled with 250 ml of Coca-cola® (The Coca-Cola 
Company, Cairo – Egypt) at room temperature for 
25 hs and the solution was changed each 5 hs. This 
protocol permits for observing the demineralization 
in a suitable time period (14, 15). Then the teeth were 
rinsed with de-ionized water (pH 6.0), dried in open 
air and the surface microhardness of the dentine 
specimens was recorded again using Vicker’s mi-
crohardness tester.

MATERIALS PREPARATION

(a) Aloe vera: 

The Aloe vera solution was prepared by dis-
solving 2 gm of Aloe vera powder (Procured From 
Indigo Herbs Ltd Products, Wells Rd, UK) of 99% 
purity A. Barbadensis Miller measured by analyti-
cal balance in 100 ml of deionized water(16).

(b) Chlorohexidine:

100 ml of 0.12% chlorhexidine hydrochloride, 
pH 6.0 (Hexitol mouth rinse, ADCO The Arab Drug 
Company, Cairo- Egypt LOT:21918) was used  
without dilution.
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Specimens treatment protocol: 

The specimens were randomly assigned to two 
equal groups (20 premolars each) as follows (A1): 
Aloe vera (A2): Chlorhexidine. Dentine specimens 
in each group had been soaked in a glass container 
filled with 100ml of each testing solutions under 
constant agitation at room temperature (10, 17) for one 
minute(12, 18). The specimens were rinsed and kept in 
de-ionized water at 37°C for next day. This  proce-
dure  was  repeated  daily  for  7 days(19).

At the end of all experimental days, each main 
group was further subdivided into two subgroups 
B (10 each) according to the application of CPP-
ACFP application either before (group B1) or after 
CPP-ACFP application (group B2). CPP–ACFP 
(RECALDENT™ Tooth GC MI paste plus) was 
applied onto the exposed window of each speci-
men with micro-brush to just cover the dentin sur-
faces without brushing and left in place for 3 min-
utes following the manufacturer’s instructions(20). 
Thereafter, the CPP-ACFP paste was removed 
by rinsing the dentin surface with deionized wa-
ter. Microhardness measurements were reassessed 
again after immersion and CPP-ACFP application.

Micro-hardness assessment: 

The microhardness was measured onto den-
tin surface specimens four times, at baseline time, 
after the artificial erosion, after immersion in the 
treatment solutions and after CPP-ACFP applica-
tion. Surface microhardness was recorded by using 
Vicker’s microhardness tester with a 25gm load ap-
plied for five seconds. Vickers Hardness Number 
(VHN) of three indentations apart from each oth-
er by 100 microns were recorded and the average 
mean values were evaluated for each specimen(21).

 Statistical analysis: 

Numerical data were investigated for normality 

by checking the distribution of data and utilizing 
tests of normality (Kolmogorov-Smirnov and 
Shapiro-Wilk tests). Microhardness data showed 
parametric distribution. Data had been presented as 
mean and standard deviation (SD) values. Repeated 
measures ANOVA test had been used to study the 
effect of material type, AFCP application and time 
of measurement on microhardness. The significance 
level had been set at P ≤ 0.05.

RESULTS

a.	 Comparison between microhardness mean 
values of the two tested materials (Aloe vera 
and CHX):

The data in table (1) figure (1) shows the mean, 
standard deviation (SD) values and results of re-
peated measures ANOVA test for comparison of 
dentin microhardness of the two tested materials at 
different measurement times (base line, after ero-
sion and after immersion in the tested material) with 
and without CPP-ACFP application. It was revealed 
the following:

Without AFCP application; there was no statis-
tically significant difference between the two mate-
rials at base line as well as after erosion at (P-value 
= 0.998, Effect size = 0.0001) and at (P-value = 
0.946, Effect size = 0.002), respectively. However, 
after immersion there was no statistically significant 
difference between the two materials at (P-value = 
0.734, Effect size = 0.012). 

With AFCP application; there was also no 
statistically significant difference between the 
two materials at base line as well as after erosion 
at (P-value = 0.966, Effect size = 0.001) and at 
(P-value = 0.969, Effect size = 0.001), respectively. 
However, after immersion there was no statistically 
significant difference between the two materials at 
(P-value = 0.844, Effect size = 0.023). 
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Table (1): The mean, standard deviation (SD) values and results of comparison between dentin microhardness 
values of the two tested materials with and without CPP-ACFP application at different measurement times.

AFCP APPLICATION TIME
ALOE-VERA CHX

P-VALUE
Mean SD Mean SD

No AFCP

Base line 70.2 7.6 70 7.5 0.998

After erosion 34 6.6 34.7 6 0.946

After immersion 51.4 A 5.8 50.3 A 5.5 0.734

AFCP

Base line 69.5 6.2 69.5 7.3 0.966

After erosion 34.9 5.8 34.5 6.4 0.969

After immersion 58.8 A 6.6 56.5 A 3.8 0.844

*: Significant at P ≤ 0.05, Different superscripts in the same row are statistically significantly different.

Figure (1): Bar chart representing the mean, standard deviation 
(SD) values and results of comparison between dentin 
microhardness values of the three tested materials 
with and without CPP-ACFP application at different 
measurement times.

b.	 Comparison between microhardness values 
without and with CPP-AFCP application:  

The data in table (2), figure (2) shows mean val-
ues and (SD) values and results of repeated ANOVA 
test for comparison between microhardness values 
with and without CPP-ACFP for each tested materi-
al at different times of measurement. It was revealed 
that:

For the Aloe-Vera group: at base line as well as 
after erosion, there was no statistically significant 
difference between microhardness values without 
and with AFCP application at (P-value = 0.850, 
Effect size = 0.001) and at (P-value = 0.744, Effect 
size = 0.002), respectively. However, after immer-
sion in the Aloe vera and application of CPP-AFCP 
there was a statistically significantly increase in 
mean microhardness values than aloe vera with no 
CPP-AFCP application at (P-value = 0.003, Effect 
size = 0.152).

For the CHX group:  at base line as well as 
after erosion, there was no statistically significant 
difference between microhardness without and with 
AFCP application at (P-value = 0.885, Effect size 
= 0.0001) and at (P-value = 0.941, Effect size = 
0.0001), respectively. However, after immersion in 
the CHX and application of CPP-AFCP there was 
a statistically significantly increase in mean micro-
hardness values than CHX with no CPP-AFCP ap-
plication at (P-value = 0.012, Effect size = 0.112).
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Table (2): The mean, standard deviation (SD) values and results for every tested material for comparison 
between microhardness values without and with CPP-AFCP application at different times of measurements.

MATERIL TIME
NO AFCP AFCP

P-VALUE 
Mean SD Mean SD

Aloe-Vera

Base line 70.2 7.6 69.5 6.2 0.850

After erosion 34 6.6 34.9 5.8 0.744

After immersion 51.4 5.8 58.8 6.6 0.003*

CHX

Base line 70 7.5 69.5 7.3 0.885

After erosion 34.7 6 34.5 6.4 0.941

After immersion 50.3 5.5 56.5 3.8 0.012*

*:  Significant at P ≤ 0.05

Figure (2): Bar chart representing mean and standard deviation 
values for every tested material for comparison 
between microhardness values without and with CPP-
AFCP application at different times of measurements.

DISCUSSION

Dentin erosion is a complicated process. It does 
not affect the surface only, in its sever cases it is 
accompanied by dentin exposure, which might be 
associated with painful hypersensitivity(22). After 
mineral dissolution induced by acid, the organic 
matrix which primarily composed of collagen, is 
exposed(18). Distinctive types of MMPs had been 
recognized from human dentin, including MMPs 
2, 3, 8, 9, 20 which have a critical role in dentin 
collagen destruction, therefore, MMP inhibitors can 
prohibit or postpone erosion progression(5).

The purpose of this study was to introduce new 
herbal product with possible potential for the inhibi-
tion of MMPs in order to stabilize dentin collagen 
and to evaluate the influence of Aloe vera on eroded 
dentin by measuring microhardness values in com-
parison to chlorohexidine. In this study, the Aloe 
vera was chosen as it is a globally popular natural 
product used locally in traditional medicine(23).

Moreover, it has an inhibitory effect on the 
MMPs (against MMPs 2 and 9) in dentin(16). This 
effect can be useful in preventing collagen degrada-
tion(16) and it was compared to chlorohexidine as the 
gold standard in chemical MMPs inhibitors.

Vickers microhardness test was chosen for this 
study since it is considered as a demonstrative fac-
tor for the mechanical dentin strength and it is gen-
erally a simple and reliable method. In addition, it is 
considered by  many researches(13, 18). The results of 
this current study showed that there was no statisti-
cally significant difference between CHX and Aloe 
vera as both materials increased dentin microhard-
ness values. The increase in VHN value observed 
with Aloe vera powder could be related to its main 
composition of flavonoid (anthocyanins) which is 
almost in agreement with a previous study(24). Such 
an increase in dentin  microhardness following im-
mersion in Aloe vera goes in the same line with  
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a study(16)  which evaluated the inhibitory impact of 
Aloe vera on MMP-2 and MMP-9 and proved that 
aloin is the active component in this plant. 

The results revealed that CHX enhances dentin 
microhardness, and this is may be due to its strong 
inhibitory action on MMPs. This is in agreement 
with another study (25). The inhibitory impact of 
chlorhexidine on MMPs is related to it mechanism 
of chelation. It was similarly reported that chlorhex-
idine could affect cysteine and sulfhydryl groups in 
the active site of MMPs and the essential sulfhydryl 
groups(25, 26). This results are supported by another 
study(5) which stated that both CHX and Aloe vera 
have possible potential for erosion inhibition, due 
to their inhibition activity on MMPs. In the present 
study, we tried to stabilize the organic dentin matrix 
using the two tested materials and remineralize the 
inorganic part with CPP-ACFP. As minerals content 
and organic structure of dentin, both affect the den-
tin competence and control its functionality(27). For 
this reason, functional remineralization was consid-
ered for the present study. 

CPP-ACFP is a well-known dentin  re-miner-
alizing agent, which enhances the remineraliza-
tion of artificial caries more than  when compared 
to CPP-ACP alone due to the presence of fluoride 
ions(28). On comparing dentin microhardness values 
after tested materials immersion without and with 
CPP-AFCP application, it was noted that applica-
tion of CPP-ACFP increased the microhardness val-
ues. This results agreed with a previous study (29), 
which stated that MI Paste Plus is remineralizing 
agent based on the complex of casein phosphopep-
tide which stabilized amorphous calcium phosphate 
and could afford protection against erosion. This is 
due to the characteristic property of CPP in  stabi-
lizing and maintaining calcium and phosphate ions 
supersaturation with increased remineralization and 
decreased hydroxyapatite demineralization as justi-
fied by another research (30). Also, another previous 
study(31) reported that CPP–ACP and fluoride com-
bination showing higher remineralization potential 
on eroded lesions.

CONCLUSIONS

Under the limitations of this study, the follow-
ings could be concluded:  

1.	 Both Aloe vera and chlorohexidine produced 
similar effect in enhancing dentin microhard-
ness.

2.	 Chemical gold standard CHX could be substi-
tuted by natural safe herbal source and hence 
Aloe vera opens a new perspective for dental 
erosion protection. 

3.	 Aloe vera and CPP-ACFP produced synergistic 
effect for enhancing remineralization in erosive 
lesions.
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