
weight fractions (AHM) containing native ingredients of 
polysaccharide (acemannan) and glycoprotein (verectin) were 
obtained by using the patented hyper dry system after washing out 
coloured materials with running water from Aloe vera gel slurry. 
Forty-six primary first teeth from children between 6-9 years, which 
formerly planned for serial extraction were selected. The children 
were distributed into two equal groups; twelve teeth for each. 
Pulpotomy was done in both groups; where group I treated by AHM, 
acemannan, as a dressing agent while formocresol used as a dressing 
agent in group II. The teeth from each group were extracted at two, 
four, and twelve week intervals for histopathological evaluation. 
RESULTS: In group I (Acemannan), after twelve weeks 
significantly better results in pulp inflammation, incomplete dentine 
bridge formation, and soft tissue organization were demonstrated (p 
< 0.05). Most of the acemannan-treated group demonstrated no pulp 
inflammation with only (3/12, 25%) revealed mild pulp inflammation 
under the exposure site and only one tooth 1/12 teeth (8.3%) showed 
partial dentine bridge formation. In contrast, group II (Formocresol) 
moderate or severe pulp inflammation (10/12, 83%), no dentine 
bridge formation were observed. In almost all cases (10/12, 83%) the 
soft tissue of the pulp was not well organized. 
CONCLUSION: According to these findings, AHM, acemannan 
may be a suitable agent for pulpotomy in primary teeth. Moreover, 
the inflammatory response was less severed and no necrosis was 
noted after pulpotomy with acemannan compared to formocresol. 
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INTRODUCTION
Pulpotomy is one of the most common ways to treat cariously 
exposed pulp and symptom-free primary teeth[1]. The rational is 
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ABSTRACT
AIM: The present study was conducted to compare the 
histopathological effects of acemannan to that of formocresol as 
pulp-dressing agents in primary teeth underwent pulpotomy. 
MATERIALS AND METHODS: Aloe vera gel high molecular 
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in a small amount, were obtained by using the patented hyper-dry 
system after washing out coloured materials with running water 
from Aloe vera gel slurry. AHM was applied for the dental study 
as acemannan sponge. Acemannan sponge, provided by Prof. Yagi 
A., Emeritus, Fukuyama University, Hiroshima, Japan, was mixed 
with distilled water and applied on the pulp stump using small sterile 
pledget of cotton wool moistened with it, then the cavity was sealed 
with reinforced zinc oxide-eugenol with a sterile suitable plastic 
instrument and filled with glass ionomer cement. All teeth from each 
group were extracted at two, four, and twelve weeks. 

Histological preparation 
All extracted teeth were fixed in 10% formalin. Then, they decalcified 
in 10% ethylene diaminetetraacetic acid (EDTA) after sealing the 
apical foramina, for one week, dehydrated in ascending grades of 
ethanol and embedded in paraffin. Four μm-thick buccolingual serial 
sections were obtained by cutting with a microtome. The sections 
were then deparaffinized in xylene and rehydrated in descending 
concentrations of ethanol. Then, staining with hematoxylin and 
eosin stains was done. The slides were mounted for microscopical 
examination using light microscope. The sections were evaluated 
for the presence or absence of calcification, inflammation and 
blood vessel formation in the pulpal tissue. Moreover, the status of 
odontoblastic layer was investigated. Other encountered histological 
changes in the pulp were also recorded.

RESULTS
Forty-six primary teeth that formerly planned for serial extraction 
were selected. Pulpotomy performed on all teeth which was divided 
in two groups 12 treated with acemannan and the other 12 teeth 
were treated with formocresol. All the teeth from each group were 
extracted at two, four, and twelve week intervals. Histopathological 
evaluation of dental pulp responses after 12 week follow up of 
acemannan and formocresol are shown in Table 1 according to 
Songsiripradubboon S. group[11] with slight modification.

Acemannan group (Group I) 
Overall, the acemannan-treated group showed significantly better 
results in pulp inflammation, dentine bridge formation, and soft 
tissue organization (p < 0.05). Most of the acemannan-treated 
group demonstrated no pulp inflammation with only (3/12, 25%) 
reveal mild pulp inflammation under the exposure site p value show 
significant difference, only one tooth 1/12 teeth (8.3%) had showed 
partial dentine bridge formation. After two week showed that show 
no inflammatory cell infiltration and partial dentin bridge formation 
Figure 1, after four week shows normal pulpal architecture and intact 
layer of odontoblasts Figure 2, Figure 3, and Figure 4. After twelve 
weeks follow up the pulp tissue shows normal soft tissue organization 
without any evidence of inflammation Figure 5.

based on the healing ability of the radicular pulp tissue following 
amputation of the affected/infected pulp[2]. Pulpotomy is performed 
through three phases: devitalization of the coronal pulp, preservation 
and regeneration[3]. The ideal pulp dressing material must be 
bactericidal, harmless to the pulp and surrounding structures 
promote healing of the radicular pulp and not interfere with the 
physiological process of root resorption[4]. The most usual pulp 
dressing is formocresol, which consists of 19% formaldehyde, 35% 
cresol, glycerin and water[5]. Success rate of formocresol pulpotomy 
is 70-98%[6,7]. The total success rates of mineral trioxide aggregate, 
ferric sulfate, and formocresol pulpotomy agents in primary molars 
were evaluated. Zink oxide eugenol base, as the only pulpotomy 
medicament, had a significantly lower success rate than mineral 
trioxide aggregate. No significant differences were observed, among 
the three experimental materials at 2 years follow-up[8]. Concerns 
have been expressed about effect of formocresol on the enamel 
structure of the permanent successors[6]. Recently, there has been 
a growing trend to seek natural remedies as part of medical and 
dental therapeutics, which has been termed as “phytotherapeutics” 
or “ethnopharmacology”[9]. Aloe vera is embracing the concept 
of phytotherapy; it is a tropical or sub-tropical plant of the genus 
and belongs to family Liliaceace. Aloe vera extracts can be used 
as potential natural disinfecting agents in minimum intervention 
dentistry[10]. In addition, it can be used as a direct pulp capping 
material in primary teeth[11]. Therefore, the purpose of this in vivo 
study was to evaluate pulp status after pulpotomy with acemannan 
(Aloe vera gel extracts) compared with that of formocresol. 

MATERIALS AND METHODS 
Selection of teeth 
This study was conducted at Faculty of Dentistry, Tanta University, 
Egypt. The patients were recruited from children who were between 
6-9 years and referred to Pedodontic Department. For histological 
examination, twenty-four primary teeth that formerly planned for 
serial extraction were selected. These teeth showed no pain or 
tenderness on percussion, absence of mobility with no fistula or 
soft tissue swelling. Written informed consent was obtained from 
the parents. The design and procedure of the present study was 
accomplished according to the research guidelines published by the 
research Ethics Committee at Faculty of Dentistry, Tanta University. 
These teeth will be allocated into two groups, twelve teeth were 
selected for each group. Group I was treated with acemannan while 
group II was treated with formocresol.

Pulpotomy procedure
The procedure started with profound local anesthesia and rubber 
dam isolation, conventional pulpotomy technique was performed. 
After pulp amputation, pulp chamber was rinsed with normal saline 
solution. Hemorrhage was controlled by placing a cotton pellet 
moistened in saline with slight pressure. In formocresol group, 
after hemostasis, small cotton pellet soaked in formocresol (Sultan 
Healthcare-Inc. Engle Wood-NJ) was placed over the orifice of canal 
for 5 min; the orifice was then covered with IRM (DENTSPLY 
International) and filled with Glass ionomer cement (Vidrion C, 
White Artigos Dentarios Ltda). 

Acemannan sponge preparation 
Aloe high molecular fractions (AHM) containing native ingredients 
of polysaccharide (acemannan: molecular weight 1 × 106 D) in rich 
amount and glycoprotein (verectin: molecular weight 29 × 103 D) 
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Table 1 Histopathological evaluation of dental pulp responses after 12 
week follow up of acemannan and formocresol (Fc). 

After 12 week

Group
Inflammation Soft tissue 

organization Dentin bridge

N % N % N %

Acemanna (N=12) 3 25% 8 66.60% 1 8.30%
Fc (N=12) 10 83.30% 2 16.60% 0 0%

χ2 4.332 6.551 1.432

P value 0.03* 0.01* 0.23
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Figure 1 Upper: a photomicrograph exhibits the histological features at 
2-weeks follow-up of acemannan-treated group. This figure shows no 
inflammatory cell infiltration and partial dentin bridge formation (H & E 
X20). Lower: higher magnification of the same figure (H & E X40).

Figure 2 A photomicrograph of acemannan-treated group after 4 week’s 
shows normal pulpal architecture pattern with no inflammatory cell 
presentation, intact layer of odontoblasts and small to medium sized blood 
vessels (H & E X20).

Figure 3 A photomicrograph of acemannan-treated group after 4 weeks 
reveals small, medium and large sized blood vessels with normal soft 
tissue organization of pulp tissue, no inflammation was detected (H & E 
X20).

Figure 4 A photomicrograph of acemannan-treated group after 4 week 
reveals small, medium and large sizes blood vessel with normal soft tissue 
organization of pulp tissue, no inflammation was detected (H & E X20).

Figure 5 A photomicrograph of acemannan-treated group after 12 weeks. 
The figure shows a pulp tissue with normal soft tissue organization 
without any evidence of inflammation (H & E X 100).  

Figure 6 A photomicrograph of formocresol treated group after 2 weeks 
shows loss of odontoblasts, mild inflammation as well as mild fibrosis (H 
& E X100).

Figure 7 A photomicrograph of formocresol treated group after 4 week 
reveals destructed pulp tissue and moderate inflammation, irregular 
dentinal wall with internal resorption (arrow) and absence of odontoblasts 
are also detected  (H & E X200).



pulpotomy procedures. Formocresol has been a popular pulpotomy 
agent because of its ease manipulation. However, it has several side 
effects[5]. In the current study, formocresol treated teeth after two 
weeks exhibited mild fibrosis and inflammation. This finding is 
in agreement with Cotes O. group[14] who reported the appearance 
of fibrous granulation tissue in the root canal after formocresol 
pulpotomy. After four weeks, the pulp tissue showed destructed 
pulp tissue and moderate inflammation, irregular dentinal wall with 
internal resorption and absence of odontoblasts are also detected. 
This finding is in agreement with Haghgoo R. and Abbasi F.[15], who 
reported severe inflammation with teeth treated by formocresol. 
The inflammation observed in the present study has been confirmed 
in another histological study by El-Meligy O. group[16]. After twelve 
weeks, teeth in formocresol group resulted in necrosis. It was 
demonstrated that the penetration of formaldehyde into the pulp 
resulted initially in fixation of the tissue followed by coagulation 
necrosis as it diffuses apically[17]. This coagulation necrosis was 
followed by liquefaction necrosis of the pulp[18]. This liquefaction 
is attributed to release of hydrolytic enzymes from dying 
neutrophils[19]. Moreover, formocresol is well known to devitalize 
the pulp and thus can induce necrosis. There was no evidence for 
hard tissue formation in any of formocresol treated teeth after four 
weeks or even after twelve weeks postoperatively. 
    On the other hand, Gupta N. group[20] evaluated efficacy of 
Aloe vera gel as healing agent in an endodontic procedure called 
pulpotomy. Fifteen primary molars were treated for pulpotomy  
using Aloe vera gel and after one month to check for any clinical 
symptoms. None of the patients reported with clinical symptoms 
of pain, mobility, abscess and histopathological evaluation done 
following extraction after 2 months showed positive signs of 
healing. This finding is similar to the results observed in another 
study which demonstrated formation of dentine bridge, and soft 
tissue organization of the pulp in acemannan-treated group[11]. 
Sahawat D. group[21] demonstrated that acemannan significantly  
increased expression of  type I collagen, vascular endothelial 
growth factor, and osteopontin compared with the untreated group, 
suggesting a possible therapeutic agent for cementum regeneration. 
After four weeks, current study showed acemannan induced 
formation of normal pulpal infiltration pattern with no inflammatory 
cell presentation, intact layer of odontoblasts and small to medium 
sized-blood vessels. These results are consistent with finding of 
Jittapiromsak N. group[22], they found that acemannan increase 
pulp cell proliferation and enhance pulp tissue organization with 
mild or no inflammation. Acemannan stimulated differentiation 
of immune dentritic cells, which are most important accessory 
cells for primary immune responses. These findings expressed 
that the adjuvant activity of acemannan is due to its capacity to 
promote differentiation of immature dentritic cells[23]. Acemannan 
sponge exhibited multiple immunomodulatory effects which are 
important to burn wound healings. Verectin, a radical scavenging 
glycoprotein in AHM, inhibited Cox-2 and thromboxane A2 
synthase level, suggesting the participation to human immune 
system[24]. In animal study, Boonyagul S. group[25] showed that 
acemannan revealed significantly increased bone marrow stromal 
cells proliferation, bone sialoprotein, osteopontin expression, and 
mineralization. After twelve weeks of acemannan sponge treated 
group, a pulp tissue appears with normal soft tissue organization 
without any evidence of inflammation. These findings are similar 
to the results observed by Songsiripradubboon S. group[11]. This can 
be attributed to its biocompatibility, anti-inflammatory, and anti-
bacterial properties that made it possible for wide usage in dentistry 

Formocresol group (Group II)
In contrast, all the teeth in the formocresol-treated group 
demonstrated either moderate or severe pulp inflammation (10/12, 
83%), there was no dentine bridge formation. Almost all cases 
(10/12, 83%) the soft tissue of the pulp was not well organized. 
The cases after two weeks showed loss of odontoblasts, mild 
inflammation as well as fibrosis Figure 6. After four week, 
destructed pulp tissue were demonstrated, moderate inflammation, 
internal resorption and absence of odontoblasts are also detected 
Figure 7. After twelve weeks necrosis of pulpal tissue were 
demonstrated Figure 8 and Figure 9.

DISCUSSION
It seems very important to identify novel and effective pulpotomy 
agents to increase the rate of success of pulpotomy procedures. 
Therefore, several investigations have been used to evaluate the 
clinical and radiographical success of the variable pulpotomy 
agents in primary teeth, such as the presence of pain or swelling as 
well as the indication of periapical lesions radiographically[4,12]. On 
the other hand, histopathological analysis is necessary to examine 
the condition of the pulp tissue after pulpotomy procedures. Some 
animal studies have been used to evaluate the state of the pulp 
tissue microscopically for teeth submitted to pulpotomy using 
different agents[2,13]. In the current study, we used acemannan 
sponge as a pulpotomy agent in primary teeth planned for serial 
extraction and compared the histopathological effects of acemannan  
on pulp tissue with the changes resulted from formocresol after 
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Figure 8 A photomicrograph of formocresol treated group after 12 weeks 
reveals necrosis of pulpal tissue with sever inflammatory cell infiltration. 
Absence of odontoblasts is also revealed (H & E X100).

Figure 9 A photomicrograph of formocresol treated group after 12 weeks 
reveals necrosis of pulpal tissue with sever inflammatory cell infiltration. 
Absence of odontoblasts is also revealed (H & E X100).
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for various therapeutic purposes. Acemannan  sponges significantly 
accelerated new alveolar bone, cementum and periodontal ligament 
formation in class II furcation defects, suggesting acemannan could 
be a candidate biomolecule for periodental tissue regeneration[26]. 
AHM mainly contained high molecular fractions, such as 
polysaccharide (acemannan) and glycoprotein (verectin) showing 
immunomodulatory and anti-inflammatory activities. On the basis 
of biochemical properties, AHM were examined for the therapy 
designed by the implementation of well-controlled clinical trials, 
and exhibited the efficacy as immunomodulators for vial infection-
induced hepatic periportal fibrosis and type 2 diabetic patients, and 
as wound and ulcer-healing ointment to patients suffering from bed 
sore and lichen planus[27,28]. 
    In contrast to formocresol, there was no sign of pulp necrosis 
with acemannan application. According to our results, acemannan 
sponge resulted in more favorable histological changes in the 
pulp tissue compared to that of formocresol. Hence, the use of 
acemannan sponge as a pulpotomy agent could produce beneficial 
effects. Furthermore, acemannan sponge, AHM, was considered 
to be a novel low-cost and safe herbal pre-drug of natural 
origin, indicating a possible therapeutic efficacy in prevention 
of age-related diseases by slowing aging process[29]. Further 
investigations should be performed over a longer period of post-
treatment evaluation to confirm the biocompatibility and efficiency 
of acemannan sponge on dentin regeneration and use it as an 
alternative to formocresol pulpotomy.

CONCLUSIONS 
Within the context of observed results, it is possible to conclude 
that acemannan sponge (AHM) had advantage over formocresol as 
a pulpotomy agent as it did not produce inflammation or necrosis 
of pulp tissue. In addition, it induced the formation of partial hard 
tissue barrier after pulpotomy procedure. Therefore, acemannan 
sponge (AHM) has potential for use as an effective pulpotomy 
agent and offers as a valuable alternative biodegradable material for 
vital pulp therapy in human primary teeth.
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