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ABSTRACT

Statement of the Problem: The maintenance of viable periodontal ligament cells is
the most important issue in the long-term preservation of avulsed teeth.

Purpose: The aim of this study was to assess aloe vera as a new storage media in
maintaining the cell viability of dry-stored teeth in comparison with soy milk,
Hank’s balanced salt solution (HBSS), and milk.

Materials and Method: Twenty one extracted dog premolar teeth were dried for 30
minutes and stored in soy milk, HBSS, milk, and aloe vera extract (50%) for 45
minutes (n=6 for each). Furthermore, positive and two negative control groups
(n=6), corresponding to 0 min, 30 min, and 2-hour drying times were also prepared
respectively. The number of viable cells was counted following storage using Trypan
blue exclusion. Data were statistically analyzed using the one-way ANOVA and post
hoc Tukey-HSD test.

Results: Statistical analysis showed no significant differences in cell viability among
aloe vera, soymilk, and HBSS- stored teeth; however, they were all superior to milk.

Conclusion: Aloe vera extract can be recommended as a suitable storage media for
avulsed teeth.
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Introduction
Tooth avulsion is the complete displacement of a tooth
from its socket as a result of trauma [1-2] The reported
incidence of complete avulsion ranges 1-16% of all
traumatic injuries to the permanent dentition. [3] The
prognosis of a replanted tooth depends on the exist-
ence of viable periodontal ligament cells on the root
surface. In order to minimize the risk of post-
replantation resorption of an inflammatory or replace-
ment nature, the suggested treatment is immediate
replantation of an avulsed tooth. [1, 4-5] However,
such treatment it is not always feasible. Thus, extra
alveolar time interval always exists before the patient
arrives at the dental office for replantation. [6]

Extra oral dry time and the storage medium are
two of the most critical factors that affect the prognosi-

s of an avulsed tooth after replantation. [7]

The delayed replantation of dry teeth covers dif-
ferent clinical management and different prognosis
from the delayed replantation of teeth kept in storage
solutions from clinical point of view. [8-10] The dura-
tion of the extra-alveolar period and the nature of the
storage conditions affects the survival rate of avulsed
teeth following replantation. [11-12] The ability of the
storage medium to maintain periodontal ligament cell
viability may be even more important than the extra-
alveolar period before tooth replantation. [13-14]
Therefore, the assessment of cell recovery after expo-
sure to the various solutions is important to increase
the regenerative capacity of periodontal ligament (PD
L) cells remaining on the avulsed tooth. [12]

An ideal storage medium for avulsed teeth must
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have a low bacterial content, physiologic osmolality, a
neutral pH and contain essential nutrients. [15] Differ-
ent storage media, such as Hank’s balanced salt solu-
tion (HBSS), milk, and saline have been used with
some success, but an ideal storage medium remains to
be developed. [16] The American Association of En-
dodontics has suggested HBSS as the storage medium
of choice for avulsed teeth. [5] HBSS is considered
superior regarding cell viability and vitality preserva-
tion due to its non-toxicity, balanced pH, and osmolali-
ty that allows cell growth. [12, 17]

Milk has also been shown to be a suitable storage
medium for avulsed teeth, mainly due to its physiolog-
ic osmolality, neutral pH, essential nutrient content,
and lack of active toxic components. [18] Recent stud-
ies have also shown that soy milk can maintain cell
viability. Moazami et al. [19] showed that soymilk is
as effective as HBSS and can maintain PDL cell via-
bility for up to 8 hours. Moura et al. [20] indicated that
soymilk can preserve cell viability for up to 24 hours.
Furthermore, Silva et al. [21] assessed the cytotoxicity
of soymilk and concluded that soymilk can maintain
cell viability at levels similar to solutions considered
the gold standard for avulsed teeth such as whole milk
and HBSS.

Aloe vera (Aloe Vera L.Xanthorrhoeaceae) is a
member of the liliaceae family and a cactus-like plant,
which grows in hot and dry climates. [22-23] Since it
can live and even bloom without soil, the Egyptians
named it the plant of immortality. [24] The aloe vera
leaves are filled with a transparent viscous gel. This gel
consists of 96% water and 75 active components such as
vitamins, enzymes, minerals, sugar, salicylic acid, and
amino acids. [22] The use of aloe vera in modern medi-
cine was first recorded in the 1930s which was used to
heal radiation burns. [25] Since then, aloe vera has been
used as an anesthetic, anti-bacterial, antifungal, antivi-
ral, anti-inflammatory, and antioxidant [22, 26] as well
as in wound healing. [27-28] Aloe vera has recently
gained some popularity in the field of dentistry and is
extremely helpful in the treatment of gum diseases like
gingivitis and periodontitis. [29-30] Aloe vera has been
shown to exert antimicrobial effects against resistant
microorganisms found in the pulp space (Enterococcus
faecalis) and the oral cavity (streptococcus mutans and
s. mitis). [31] Gontijo et al. [32] showed that aloe vera
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was not cytotoxic and could maintain cell viability.
They showed an increasing concentration of aloe vera
resulted in increased cell viability. A recent study on
rat pulp tissues has shown that the application of
freeze-dried aloe vera in direct contact with the me-
chanically exposed pulp had acceptable biocompatibil-
ity and could lead to tertiary bridge formation. [33]
Furthermore, Badakhsh et al. [34] concluded that in-
creasing concentration of aloe vera (10%, 30%, and
50%) lead to increased preservation of PDL cells via-
bility. However, none of these studies considered the
dry time before storage in aloe vera solutions.

The aim of the present study was to compare al-
oe vera with soy milk, milk, and HBSS- to preserve
PDL cell viability following a 30 min dry time.

Materials and Method

This study was approved by the animal ethics commit-
tee of Shiraz University of Medical Sciences, Shiraz,
Iran, # 1663.

A total of 21 two- root premolars from five adult
dogs were selected. The animals were anesthetized by
intravenous injection of ketamine at 10 mg/kg of body
weight (Imanan& Saba company; Shiraz, Iran) with
xylazine 2% at 0.2-0.5 mg/kg of body weight (Imanan&
Saba company; Shiraz, Iran).The dogs also received a
local anesthetic (lidocaine 2% with epinephrinel/
100000).The premolar teeth were extracted as atraumat-
ically as possible such that the teeth, in their socket,
were sectioned on the furcation region using diamond
burs (Teledyne Densco, USA).The teeth were extracted
in 15 s. following extraction, the teeth were held with
forceps by the coronal region, and the coronal 3mm of
PDL was scraped with a curette to remove cells that
might have been damaged during extraction. The 42
premolar roots were randomly divided into four experi-
mental groups, a positive control, and two negative con-
trol groups (n=6 in each group). The experimental stor-
age solution groups were HBSS (Biosera-xc-s2065,
Biosera Ltd, Ringmer, East, Sussex, UK) as group 1,
Milk (Maxoy; Tehran, Iran) as group 2, soy milk (Max-
oy; Tehran, Iran) as group 3, and Aloe vera extract 50%
as group 4.

Aloe vera plants (Aloe vera L.Xanthorrhoeaceae
with code: Pm 766) were obtained from the Pharma-
cology Faculty of Shiraz University of Medical Sci-
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ence. The leaves were rinsed with normal saline and
disinfected with 70% alcohol. The pulp of the leaves
was then removed and filtered through a polystyrene
filter for homogenization, yielding a 100% aloe vera
extract. Then 50mL of distilled water was added to
50mL of this extract with shaking for 15 min, obtain-
ing aloe vera extract 50%. The mixture was stored at
room temperature.

The teeth in the experimental groups were kept
in dry petri dish in the lab environment for 30 min
followed by a 45-min immersion in the corresponding
storage solution according to the assigned group. The
positive control teeth were immediately treated with
collagenase and dispase without any dry or solution
storage. The negative control teeth were bench-dried
for 30 min and 2 h, with no follow-up storage solution
time, and then placed in the collagenase and dispase to
count the PDL cells.

Following the drying and soaking stages, the teeth
were washed three times in 0.1 M phosphate- buffered
saline, and incubated for 30 min in 15-mL Falcon tubes
(BD Bio Sciences; San Jose, Canada) with a 2.5-mL
solution of 0.2 mg/mL of collagenase CLS Il (Sigma;
St. Louis, Mo, USA) and a 2.4 mg/mL solution of dis-
pase grade Il (Roch; Mannheim, Germany). Following
incubation, 20 pL of fetal bovine serum was added to
each tube for enzyme inactivation. All tubes were then
centrifuged (Eppendorf centrifuge 5702r, USA) for 4
min at 1,000 rpm. The supernatant was removed with
sterile micro pipettes and the cells were stained with
0.4% trypan blue to assess viability. The number of
viable periodontal ligament cells was counted under a
light microscope (Optikal Nikon; Japan) with a hemocy-
tometer (QIUJING, China) at 20x magnification. For
each tooth, two independent counts were performed by
a single calibrated blinded examiner. In the protocol
presented herein, viable cells were those with a clear
cytoplasm whereas non-viable cells were those with a
blue cytoplasm. The results were statistically analyzed
using one-way ANOVA and Tukey-HSD test. The level
of significance was 5% (p< 0.05).

Results

The results of this study indicated that aloe vera kept
98% of PDL cell viability. The percentages of viable
cells in different storage media are shown in Table 1.

Table 1: The percentage of viable cells in different stor-
age media. HBSS, Hanks Balanced Salt solution

Groups Cell viability (%)
Control positive 99.14+0.51°
Control negative 2h 6.94+1.83°
Control negative 30min 61.64+4.66°
Aloe vera 98.15+0.67%
Soy milk 94.20+2.68°
HBSS 95.13+2.60°
Milk 65.54+4.05°

The Post hoc Tukey-HSD test showed no signifi-
cant differences between aloe vera, soy milk, HBSS,
and the positive control groups. However, these groups
showed significantly more viable cells than the two
negative control groups. There was no significant dif-
ference between milk and the 30 min negative control
group, but milk was superior to the 2 h negative con-
trol group (Figure 1).
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Figure 1: Means and standard deviations for the percentage
of viable cells. a, b, c: Different superscript letters show
significant different between groups (p< 0.05)

Discussion

Dental avulsion is the most severe type of traumatic
tooth injuries because it damages several structures
and results in the complete displacement of the tooth
from its socket in the alveolar bone. [1-2] The ideal
situation is to replant the tooth immediately after avul-
sion since the extraoral time is a determinant factor for
treatment success and for a good prognosis. [7] How-
ever, this is not always possible since there is a time
interval between accident and treatment and most pa-
tients come to clinic after 30 minutes. The success of
replantation depends on a number of factors that may
contribute to accelerate or minimize the occurrence of
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root resorption or ankylosis, among which is the type
and characteristics of the medium used for temporary
storage during the time elapsed between avulsion and
replantation. [3, 7] Maintaining the tooth in an ade-
quate wet medium to preserve the vitality of the perio-
dontal ligament cells that remain on root surface is the
key to success of replantation. [7] Recent studies in-
troduced the development of storage media that pro-
duce conditions that closely resemble the original
socket environment. [17-19] Although these storage
media can now be purchased in the form of retail
products, the most common scenario is that such a
product will not be readily available at the moment of
the accident.

The use of extracted dog teeth to stimulate avul-
sion has been recommended in previous studies. [20,
35-36] In an attempt to mimic the typical situation
during which the teeth may remain dry before being
placed into a storage medium, the dog teeth were left
in dry conditions after extraction. [37-38]

Various techniques have been used to quantitate
the number of viable PDL cells. Herein, the root sur-
face was treated with collagenase and dispase grade Il
according to Pileggi et al. [39] This procedure allowed
rapid cell retrieval and maintained maximum cellular
integrity, as was demonstrated by the positive control
samples. [39] This method is more representative of
the actual clinical situation since the cells are not sub-
jected to long processing times to determine their via-
bility status. [40]

The trypan blue exclusion staining technique was
chosen for its fast and easy application, and since it
distinctively differentiates non-viable cells from viable
cells. It is based on the principle that live cells possess
intact cell membranes that exclude certain dyes. [41]

It is important to show the ability of media to re-
vive the PDL cells on the root surface since these
healthy PDL cells can proliferate on the root surface
after replantation. [12] Herein, the ability of the media
to revive the PDL cells was determined. Cells were
counted following 30 min of dry time and an increase
in the number of cells after exposure to the different
solutions was observed. Thus, this differentiates the
present results from those of similar studies [19-21]
regarding aloe vera, where the number of viable cells
was determined only after exposure to different solu-
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tions. Furthermore, since the surfaces area of all teeth
roots are not equal, the percentage of vital cells with
regards to the whole cell population was calculated
instead of cell numbers per se as stated by Moura and
Silva et al. [20-21] Nevertheless, the present study
confirmed the results of the studies of Moazami [19]
and Silva et al., [21] that soy milk showed similar be-
havior to HBSS in the maintenance of PDL cell viabil-
ity. Additionally, there were no significant differences
between aloe vera and HBSS or soy milk, whereas all
three were superior to milk. And in this study, we con-
sidered an average amount of saturation for aloe vera
since it was shown that aloe vera 50 % could preserve
more PDL cells alive. [34]

The maintenance of viability of PDL cells in aloe
vera medium is probably due to the nutrients contained
such as vitamins, amino acids, minerals, and sugars,
which nourish cells and maintain their viability. [22]
Several studies have assessed the healing capacity of
aloe vera in different fields of medicine [30, 42-46]
and found to be due to an increase in blood supply and,
increased oxygenation, which both stimulate fibroblast
activity and collagen proliferation. [28] Aloe vera also
contains vitamins A, C, E, and B12, and folic acid;
vitamin C is involved in collagen synthesis. [47]
Tanwar et al. [24] studied the constituents and biologi-
cal effects of aloe vera and showed that the healing
properties of aloe vera could be related to Glucoman-
nan, a mannose-rich poly-saccharide, and Gibberellin,
a growth hormone. These can interact with growth
factor receptors on fibroblasts, thereby stimulating
their activity and proliferation which in turn, signifi-
cantly increases collagen synthesis.

Fibroblast cell viability and proliferation is a crit-
ical factor in the prognosis of avulsed teeth in avulsion
injuries. Thus, aloe vera might be useful in the replan-
tation of avulsed teeth due to its fibroblast stimulating
substances.

Further studies should address the different con-
centrations and immersion times following the dry
period in order to produce the best aloe vera media for
avulsed teeth; such a product would be commercially
marketed.

Conclusion
Based on the favorable results obtained in this study,



Moazzami F., et al.

J Dent Shiraz Univ Med Sci., 2017 March; 18(1): 24-29.

aloe vera extract can be recommended as a suitable
storage media for avulsed teeth.
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