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Introduction 

In the last decade there has been increased interest in the role 
which reactive oxygen species and antioxidants may play in the 
aging process and in the development of  diseases. This lead to 

various studies [1-4] where the possible beneficial effects of  anti-
oxidant supplementation were investigated.In this context are the 
compounds resveratrol, propolis and β-carotene and many others 
known for their antioxidant content [5].

Over the years the 3T3 mouse fibroblast cell-line has extensively 
been used as a standard cell line to test the cytotoxic effect of  
various dental materials and constituents thereof  [6-9]. Cytotoxic-
effects on this cell line give one a good indication of  what would 
happen towards human pulp fibroblast cells. In one study,for ex-
ample, it was reported that the cytotoxicity of  the standard 3T3 
fibroblast cell-line was in between that of  4 different human pulp 
fibroblast cell-lines [8]. Therefore, we used the Balb/c mouse 3T3 
fibroblast cell-line to provide a good indication of  the cytotoxicity 
of  the mentioned anti-oxidants and chitosan gels thereof.

Chitosan [10] which is produced commercially by de-acetylation 
of  chitin is a natural polysaccharide composed of  randomly dis-
tributed β- 1, 4-linked D-glucosamine and N-acetyl α-glucosamine.

Chitosan is non-toxic, biocompatible, bio-degradable and has mu-
co-adhesive properties and as a result became widely used in the 
pharmaceutical field as a carrier system for drugs, hormones, pro-
teins, enzymes and genes [11-14]. Chitosan is positively charged 
in acid medium because the amino groups become protonated 
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which leads to an increase in its solubility. Chitosan can be suc-
cessfully used as a drug carrier because it will solubilize and de-
grade in an acidic environment with the resultant release of  the 
drug [15]. Chitosan is hypoallergenic and has natural antibacterial 
properties, which further support its use in the army as field band-
ages [16]. However, chitosan has not been approved by the FDA 
as drug carrier but it has been approved in some combinations 
for wound healing,although not in every form [17]. Furthermore, 
very important findings were that antioxidant-chitosan hydrogels 
(that of  resveratrol, propolis and β-carotene) were found to sig-
nificantly improve the bond strength to dentine with or without 
phosphoric acid pre-treatment [18] as many other hydrogels do 
[19].

Resveratrol (3,5,4'-trihydroxy-trans-stilbene) [20] is produced by 
several plants when damaged by bacteria or fungi. There is limited 
evidence of  its health effects in humans and the long-term effects 
of  resveratrol on humans are currently unknown [21]. However, 
the presence of  resveratrol mainly in red wine was suggested as 
the explanation for the cardio-protective effects of  wine [22].

β-Carotene (beta-carotene) is a red-orange pigmented hydrocar-
bon and a carotene with beta-rings. Among the general class of  
carotenes, β-carotene is distinguished by having rings at both ends 
of  the molecule, is fat soluble and therefore better absorbed in 
the body when consumed with fat. There is no scientific evidence 
that β-carotene can be used for any medical treatment, but high 
levels of  β-carotene have also been associated with lung cancer in 
smokers [23].

On the other hand propolis has no definite composition like res-
veratrol or β-carotene and its composition varies even within a 
hive [24]. This is because it is a sort of  resin which is used to 
seal the hive and is collected from any plant near the hive wher-
ever it is located. Therefore, it makes sense that different medical 
claims can be made from one propolis which will not necessar-
ily be true for another and therefore the composition also varies 
from region to region. Propolis which is a product of  bees has 
been used as an ointment since 350 BC, the time of  Aristotle [25]. 

It has been used for abscesses; for healing wounds and tumors; 
and Egyptians have used it for mummification [25]. Furthermore, 
a positive effect of  propolis on enamel micro-hardness was also 
reported due to particular components of  mineralization activity 
in propolis [26]. 

The beneficial effect of  various chitosan hydrogels was reported 
as antioxidant and drug carrier also in tooth bonding agents [27-
30]. However, their cytotoxic effects towards fibroblast cells were 
not investigated and if  found to be cytotoxic their positive gain 
became less important in bonding agents.

Therefore, the purpose of  this study was to determine the relative 
cytotoxic effect of  resveratrol, propolis and β-carotene in relation 
to their respective chitosan hydrogels. Thus, the parameters stud-
ied were: the cytotoxicity of  propolis, resveratrol, β-carotene and 
chitosan. Relative to this, the cytotoxicity of  the chitosan-propolis 
hydrogel, the chitosan-resveratrol hydrogel and the chitosan-β-
carotene hydrogel were determined.

Materials and Methods

Chitosan (Aldrich, Australia), glycerol (Sigma, USA) and glacial 
acetic acid (E. Merck, Germany) were used as received from the 
manufacturers. The degree of  de-acetylation of  typical commer-
cial chitosan used in this study is 87%. Chitosan with molecular 
weight 2.5x 103 KD was used in the study. The iso-electric point 
was 4.0–5.0. 

Chitosan hydrogels have been prepared using a methodology pre-
viously described [31]. The corresponding antioxidant mixture 
was incorporated by dispersion of  0.2 grams of  the antioxidant 
powder (propolis, resveratrol, or β-carotene) in 200μL glycerol 
(5% w/w) using a mortar and pestle and 10 milliliters of  glacial 
acetic acid (3% w/w) added with continuous mixing and finally 
the chitosan polymer (0.2grams) was spread on the surface of  
the dispersion and mixed well for 12 hours to form the required 
gel. Gels were poured into petri-dishes and were dried at room 
temperature.

Figure 1. Chitosan molecule

Figure 2. Resveratrol molecule

Figure 3. β-carotene molecule
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Cell maintenance and culture

A Balb/c 3T3 mouse fibroblast cell line (The National Repository 
for Biological Materials, Sandringam) was maintained and cul-
tured in standard conditions (37°C under 5% carbon dioxide and 
95% humidity) in Dulbecco’s Modified Eagles Medium (DMEM). 
The medium was supplemented with 10% fetal bovine serum, 
penicillin (10.000U/ml) and streptomycin (10.000 µg/ml) mix 
(Biochrom Ltd), changed every second day and cells sub-cultured 
using routine trypsin/EDTA procedures. The pH of  this growth 
medium was adjusted when necessary to 8.0 [18].

To test the cytotoxicity towards 3T3 cells, the cells were first 
grown to near confluency. Then the 3T3 cells were diluted to a fi-
nal cell suspension containing approximately 3 ×105 cells/ml and 
plated out in seven 96 well plates, a plate for each compound. Res-
veratrol, propolis, β-carotene,chitosan-H, chitosan+resveratrol, 
chitosan+propolis and chitosan+β-carotene were added to the 
growth medium at a concentration of  1 mg/ml. Two hundred 
μl of  each group (7 groups) was added to 20 wells in the 96 well 
plates.Medium without any chitosan gels was used as controls. Af-
ter 24 hours the widely used MTT colorimetric assay was used to 
evaluate cell growth.This assay involves the ability of  viable cells 
to use mitochondrial dehydrogenase enzymes to convert MTT (a 
soluble tetrazolium salt) to a blue/violet formazan end-product 
[32]. Twenty μl MTT (5mg/ml in phosphate- buffered solution) 
was added to each well and left for a further 3 hours to incubate 
at 37°C. The medium was discarded to eliminate the MTT and 
the precipitated formazan crystals were solubilized with 100 μl/
well of  dimethylsulfoxide (DMSO). Absorbance was measured 
at wavelength 540 nm on a spectrophotometer to determine the 
number of  viable cells. Three replicates were done in each group.

Results

Figure 4 shows the Box & Whisker plot of  the % survival rate of  
mouse Balb/c 3T3 fibroblast cells when exposed to chitosan, res-
veratrol, and chitosan+resveratrol. The maximum and minimum 
values were given. The intermediary box represents the position 
of  50% of  the values and the line within the box shows the me-
dian values.

The Kruskal-Wallis Multiple-Comparison Test (Dunn's Test) and 
Bonferroni test showed significant differences amongst the 3 
groups (p<0.05).

Figure 5 shows the % survival rate of  mouse Balb/c 3T3 fibroblast 
cells when exposed to chitosan, propolis and chitosan+propolis.

The Kruskal-Wallis Multiple-Comparison Test (Dunn's Test) and 
Bonferroni test showed significant differences amongst the 3 
groups (p<0.05).

Figure 6. Percentage survival rate of  the 3T3 cells when exposed 
to chitosan, β-carotene and chitosan+β-carotene.

The Kruskal-Wallis Multiple-Comparison Test (Dunn's Test) and 
Bonferroni test showed significant differences amongst chitosan 
and β-carotene and chitosan and chitosan+β-carotene (p<0.05).
It was found that chitosan-H significantly improved the cell sur-
vival rate to 114% in comparison to the control (100%) without 
chitosan.

The mean cell survival rate was found to be: resveratrol (31%); 
propolis (64%); β-carotene (95%), chitosan+resveratrol (87%), 
chitosan+propolis (95%), chitosan+ β-carotene (100%) and chi-
tosan (114%).

Figure 4. The Box & Whisker plot of  the % survival rate of  mouse Balb/c 3T3 fibroblast cells when exposed to chitosan, 
resveratrol, and chitosan+resveratrol

Figure 5. The % survival rate of  mouse Balb/c 3T3 fibroblast cells when exposed to chitosan, propolis and 
chitosan+propolis
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Discussion

The results clearly showed (Fig. 4, 5 and 6) that chitosan in its 
own capacity stimulated the cell survival rate to a value of  114% 
which is 14% higher than that of  the control value (only growth 
medium). From this it might also be deduced that chitosan actu-
ally stimulates cell growth to a significantly higher value. It was 
reported [33] that a higher degree of  chitosan de-acetylation gave 
rise to lower uptake and cytotoxicity of  chitosan nanoparticles 
towards A549 cells. The degree of  de-acetylation of  chitosan used 
in our study was obtained as 87%.However it should be remem-
bered that the cytotoxicity towards different cell lines could differ 
between different chemicals and derivatives thereof  [6,7,9,34].

The overall summary of  the cell survival rates showed that when 
chitosan was present (chitosan/resveratrol; chitosan/propolis; 
chitosan/β-carotene)(Figure. 4-6) better survival rates (improve-
ments) were found than when the antioxidants were used on their 
own. In this context it was found that the cell survival rate for 
chitosan/resveratrol was 87% while that of  resveratrol was only 
31%. For chitosan/propolis it was 95% in comparison to 64% for 
propolis and for chitosan/β-carotene it was 100% in comparison 
to 95% for β-carotene.

Our low survival rate with resveratrol (31% survival rate, Fig-
ure 4) indirectly supported the findings that resveratrol could 
suppress lymphocyte proliferation, development of  cell-mediated 
cytotoxicity [35] and that it triggers CD95 signaling-dependent 
apoptosis in human tumor cells [36]. Furthermore, it caused a 
70% growth inhibition on CACo-2 cells [37]. It was also reported 
[38] that resveratrol could be an anti-cancer agent for breast can-
cer and furthermore, that resveratrol suppressed cancer metabo-
lism [39].

Propolis(Fig. 5) was reported to be cytotoxic when exposed to 
3T3 cells with a mean cell survival rate of  only 64% [18]. This 
is in agreement with various reports which showed the cytotoxic 
activities of  propolis [40] on various cell types. However, as stated 
before this could only be true for the 2 kinds of  propolisas they 
all differ from area to area.

Relative to our high concentration (1 mg/ml) a low β-carotene 
concentration (~40 mg/l) was reported to substantiate a selective 
cytotoxic effect on human tumor cells [41]. However, we could 
not see an influence of  β-carotene (93%) on 3T3 cells at a much 
higher concentration (1 mg/ml). In another study, Alija [42] could 
also not find any cytotoxic effect on hepatocytes at a relatively low 
concentration of  ~5 mg/l. This might differ between different 
cell lines. Normally, the cell survival rate will depend on a num-

ber of  factors: type of  substance to be tested, the concentration 
of  the substance, the type of  cell-line used and the time of  cell 
exposure to the substance to be tested. All gel systems utilized in 
this study (1mg of  chitosan:antioxidant/ml growth medium over 
a 24 hour period) were tested for their survival rates. This can be 
considered a high concentration and well in the top range of  con-
centrations normally tested for other products. This is similar to 
the highest concentration used (1000µg/ml) to test the cytotoxic 
effect of  many medicinal plants [43][44]. An exposure period of  
24 hours used in this study can also be accepted as a long expo-
sure period (in the top range) [43-47].

Conclusion

To conclude, this study clearly showed: 1) that chitosan-H (87% 
de-acetylated) has a positive effect on the cell survival rate of  
Balb/c mouse 3T3 fibroblast cells, and therefore most probably 
also on human pulp fibroblast cells, 2) these chitosan hydrogels 
are safe for use to improve the strength and longevity of  a dental 
material, and 3) it further proved that chitosan in itself  improved 
the cell survival rate of  various antioxidants.
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