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Abstract

Objective: This study aimed to assess the surface microhardness of otoliths taken from Pomadasys
kaakan fish in Persian Gulf and analyze the destructive effect of some cariogenic acids (citric acid,
lactic acid and pyruvic acid) on its surface hardness in different time intervals. The effect was
compared with permanent human teeth enamel.

Method: This in vitro experimental study was conducted on 20 sound first premolar teeth which
were extracted due to orthodontic reasons and 20 sound otoliths from Pomadasys kaakan fish.
Otoliths were removed from the head of Pomadasys kaakan and cut to 30 pieces of 2x2x2 mm.
Same cuts were taken from sound human permanent teeth. These cuts were stored in 100% humidity
(normal saline solution) and at temperature between 25 to 30 degrees centigrade until the
experiment. The specimens were divided into two groups (group 1= teeth, group 2= otoliths) and
each group had three subgroups of 10 specimens which were immersed in citric acid, lactic acid and
pyruvic acid accordingly. The surface microhardness of teeth enamel and otoliths were measured by
Vickers microhardness tester at baseline (0), and at 5 and 30 min time intervals after immersion in
the freshly prepared acidic solutions.

Result: Repeated measures ANOVA showed that the effect of immersion time on microhardness
was significant (p<0.001). Comparison among 0, 5 and 30 minutes time points using Bonferroni
adjustment for both groups also showed significant differences in microhardness at different time
intervals for three types of acids (p<0.001). Evaluation of the effect of the type of acid on
microhardness for both groups revealed that the microhardness changes was not significantly
different in three groups of acids, although there was some difference in change of microhardness in
case of pyruvic acid. Otoliths showed somewhat higher resistance in surface hardness under the
effect of pyruvic acid compared to human enamel, but it was not significant. In case of lactic acid,
the teeth showed somewhat higher resistance compared to otoliths but the difference was also not
significant. (p<0.001).
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Conclusion: Contact time for three types of acids from 0 to 30 min was significantly effective in
reducing surface microhardness of both otoliths and human teeth enamel. Citric acid, lactic acid and
pyruvic acid were all capable of demineralization and reduction of surface microhardness in both
groups almost equally. In total, both groups of otholits and human enamel showed the same rate of
demineralization and reduction in surface microhardness under the effect of cariogenic acids.
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Introduction:

Dental caries is the most prevalent chronic disease affecting human, irrespective of age, sex, race
and socioeconomic status (1). It is initiated by the process of fermentation, in which the production
of strong organic acids such as lactate, formate and pyruvate cause demineralization of susceptible
dental hard tissue (2, 3). Dental caries affect both the majority of adults and children, from 60% to
90%. Repairing and replacing decayed teeth is extremely costly in terms of time and money, so this
accounts for a major drain on the resources of healthcare systems in the world (4). Streptococus
mutans, the main initiative cause of dental caries, strongly releases acids by fermentation of
carbohydrates, leading to demineralization of the teeth (2). The earliest detectable stage of caries is
the appearance of a white spot on the tooth. This is the first manifestation of cariogenic acid attacks
on teeth enamel and reduce the surface microhardness significantly. Studies in this criteria are
valuable as the process of caries is still reversible in this stage by remineralizing enamel tissue
leading to an increase in surface microhardness again (5).

Enamel is the hardest and most mineralized tissue biologically made in human and animal body. It
is composed of 96% mineralized substance and 4% water. The calcium phosphate in the form of
hydroxyapatite makes the structure of mineralized part of enamel which is almost a large
complicated formula (6).

In the process of caries, destruction of hydroxyapatite takes place as a result of some organic acid
attacks and in overt destroyed lesions, substitution of this substance with new molecules is not
possible, hence operative techniques and substances are used to reconstruct the lost tooth structure.
Crystalized calcium carbonate (CaCO3), especially in the form of aragonite which is found in
otoliths of some fishes is another hard, mineralized biologic substance with high calcium
percentage, totally different from hydroxyapatite in structure. Other form of CaCO3 are Calcite with
trigonal geometry, and vaterite with hexagonal geometry of crystals. Gauldie et al reported that the
hexagonal Vatrite or trigonal calcite may be substituted by orthorhombic aragonite, with more
resistant structure under the influence of genetic factors. The orthorhombic aragonite form of
CaCO03 found in otoliths is the most stable and resistant variety of this formula comparable with
hydroxyapatite with a simpler construction (7-8). Sollner et al found that Stormaker and Otolin-1
genomes may be considered as the main reason for crystal changes of otoliths in Zebra fish (9).
Pomadasys kaakan fish has usually a sea coast ecology and lives in depth of up to 75 meters.
Geographical ecology of this fish is reported in the West coast of Africa, Red Sea, Gulf of Aden, Sri
Lanka, Northern Taiwan and all regions of Persian Gulf and Sea of Oman. It's trade name is Javelin
grunter and has a rectangular body and has two holes under the chin with middle cavity. The fish
teeth are small and tipped and the outer rows of teeth have been elongated (10-11).Otoliths or ear
stones are composed of calcium carbonate, inorganic impurities and a protein matrix, and are
located in the labyrinth of the ear in Osteichthyes of fish. These are considered the hardest biologic
materials as well as the teeth enamel in the fish body (12).

There are three types of otoliths that help fish in balance and hearing: Sagitta, Asteriscus and
Lapillus. Sagitta is the largest otolith in pomadasys kaakan. The composition of the three types are
the same but the structural figure different (13).

Description of sagitta otoliths in pomadasys kaakan: Its Shape is oval, with convex medial face and
slightly concave lateral face due to moderate thickness of its central portion. The dorsal margin is
angular and ventral margin round. Its excisura is moderately wide, pointing anteriorly, without
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notch. Smaller samples of otholith <8 mm have a shallow, very acute and pointing upwards
excisural notch on the dorsal margin near anterior ostium (14, 15).

Comparison of surface hardness of this biologic calcified tissue with the hardest and most resistant
tissue of the body (enamel) and definition and comparing its structural formula with enamel may
lead us to some ways increase the resistance of enamel structure to cariogenic acid attacks or even
substitution of hydroxyapatite structure in destroyed enamel tissue and reconstruction of this
important tooth formula in further researches.

Method and materials

This in vitro experimental study was conducted on 20 sound first permolar teeth which were
extracted due to orthodontic reason and 20 sound sagitta otoliths of pomadasys kaakan. Otoliths
from head of pomadasys kaakan were removed and cut to 30 pieces of 2x2x2 mm. Same cuts were
taken from sound human permanent teeth. These cuts were made with diamond bur and were
polished with fine abrasive paper and stored in 100% humidity (normal saline solution) at
temperature between 25 to 30 degrees centigrade until the experiment. We divided our specimens in
to 2 groups (group 1= teeth, group 2= otoliths) and each group were divided into 3 subgroups each
containing 10 specimens. The specimens of both groups immersed in citric acid, lactic acid and
pyruvic acid with PH values adjusted at 3 (Tablel). The surface hardness of the enamel and otoliths
were measured by Vickers microhardness tester (Sctmc, mhv-1000z china) under 100g load at time
intervals of 0 at baseline, 5 and 30 min after immersion in the freshly prepared acidic solutions (TO,
T5 and T30 respectively). We used Mann-whitney test and Wilcoxon signed rank test for statistical
analysis.

Table 1. Characteristics of three acid solutions.

Acid pH Molarity Degree of purity
Citric acid 3 0.047 2%

Lactic acid 3 9.9 85%

Pyruvic acid 3 1.2 33%

Tooth enamel Otolith

Result:

Overal 180 measurement on both groups of teeth and otoliths were done. Statistical analysis showed
that in all groups increasing the time period of contact with acids, decreased the surface hardness
significantly (p <0/05). Repeated measures ANOVA showed that the effect of immersion time on
microhardness was significant (p<0.001). At zero time and before contact with acids, both groups
had almost the same surface hardness which means that otoliths had the same surface hardness as
human permanent teeth enamel. Comparison of time intervals (0, 5 and 30 minutes) after immersion
in acids using Bonferroni adjustment for both groups showed also significant differences in
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microhardness at different time points for all three types of acids (p<0.001).This means that both
groups showed a decrease in surface hardness after contact with acids. Comparison of changes in
surface hardness of both groups, revealed that the microhardness was not significantly different
under the effect of three acids, although from 5 to 30 minutes after immersion in Pyruvic acid,
otolith showed somewhat higher resistance in surface hardness compared to teeth enamel (Figurel).
In case of lactic acid, teeth enamel showed a slightly higher surface hardness resistance compared to
otolith in the same time interval, but these changes were not statistically significant.
(p>0.001)(figure2). Both the enamel and otolith showed almost the same variations in surface
hardness in contact with citric acid (figure3).
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Figure 1: Decrement of surface hardness in permanent teeth enamel and otolith after contact with
Pyruvic acid solution in different time intervals

Otolith shows somewhat more resistance to microhardness changes specially after 5 minutes of acid
immersion
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Figure 2: Decrement of surface hardness in permanent teeth enamel and otolith after contact with
Lactic acid solution in different time intervals
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Enamel shows somewhat more resistance to microhardness changes specially after 5 minutes of acid
immersion

Group
— human enamel
otolith

350.00

300.007

)

250.00 |

Surface hardness (

200.00 |

150.007|

T T T
0 5 30

Time intervals (minute)
Figure 3: Decrement of surface hardness in permanent teeth enamel and otolith after contact with
Citric acid solution in different time intervals

Enamel and otolith showed almost the same resistance to microhardness changes in both time
intervals after acid immersion

Discussion:

Demineralization and remineralization of tooth is a continuous process. When demineralization
exceeds remineralization process, teeth cavitation and caries will appear. Demineralization usually
starts under the effect of organic acids that are the product of bacterial fermentation of food particles
and leads to dissolution and softening of hard tissue of the teeth, the depth of which in enamel of
permanent teeth may vary from 0.2 to 3 um (16).

Otoliths are composed mainly from crystals of calcium carbonate with aragonite structure in
orthorhombic figure which is the most rigid, resistant form of this chemical formula comparable
with hydroxyapatite crystals in enamel (17). In this study, otolith crystals showed somewhat more
resistance to dissolution in contact with pyruvic acid after 30 minutes compared to enamel crystals.
It seems that separation of CO3 ion from calcium in aragonite molecule structure is somewhat more
difficult by pyruvic acid with three H* ions compared with PO4 ion from calcium in hydroxyapatite
molecules, though it was not significant.

Inversely, lactic acid with five H* ions could separate CO3 ion in otoliths somewhat easier than po4
ion from calcium in enamel accordingly, though not significantly.

Resistance to acid dissolution and maintenance of the surface hardness of teeth enamel and otoliths
can be due to different reasons such as structural composition or presence of different elements in
their chemical formula (18). In this study, both caco3 and hydroxyapatite crystals showed the same
surface hardness before acid contamination in otolith and enamel accordingly.

With increasing the time of contact from 0 to 5 and to 30 minutes, the dissolving effect of all three
acids elevated and hence, the surface hardness of both enamel and otholith crystals were decreased.
Three examined acids (citric, pyruvic, lactic) acted almost the same as the effect of H* ion attacking
to calcified substance increased with time.

Otoliths have some metallic elements like Sr, Ba, Se, Mg, Mn and, Al. According to double day
studies in 2014, Sr is one of the most important elements in otoliths that can substitute calcium ion
in caco3 crystals (19). Thomas et al found that Sr is more eager to substitute ca ions in aragonite
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structures which is present in otoliths and Mn ion in Vaterite structures (20). Sr is considered an
important element, effective in surface hardness of crystals especially when combined with CO3 ion
(21). Sr can substitute calcium ion in otolith crystals but Mn and Zn intrude crystals by absorption
between caco3 molecules (19). According to a study by Antao et al by high-resolution power X-ray
(diffraction), CaCO3 has a more irregular and less resistant structure in comparison with SrCO3,
PbCO3 and BaCO3, so the mentioned ions can substitute calcium ions more easily and combine
with CO3 ions to make a more resistant molecule (21).

Ghadimi et al found in their research that some elements like Mn, Ti and Pb are effective in enamel
crystal size and Ni, Cr, Se in structure form of the crystals. The physical characteristic and hardness
of the crystals are hence changed after insertion of these ions specially Ti (22).

Kis et al in 2021 found that minor component magnesium incorporation into the prismless layer of
sound primary enamel can affect hardness properties of human primary dental enamel. The
increased Mg concentration in the dental enamel surface was followed by a notable increase of
nanohardness (23).

Mohammed et al in 2015 concluded that Zn ion in the oral fluids can protect against enamel
demineralization during an acidic challenge (24).

Krishnan et al in 2015 concluded that strontium (Sr) doped nano hydroxyapatite as a surface
application modality enhances dental enamel remineralization/ repair in incipient carious lesions
(25).

Wang et al in 2019 found that Addition of the Sr ions to the acidic solution can decrease the
dissolution of the enamel and prevent the enamel surface hardness loss in acidic environment (26).
Reitzneroua et al found that the concentration of metallic ions are overally more in the first 50u of
enamel surface which is effective in microhardness of this mineralized tissue (27). So, if we can
insert some metallic ions, especially Sr. which is present in aragonite structure of otoliths into
hydroxyapatite crystals of surface enamel, the microhardness of this dental tissue and hence the
resistance of this biologic hard tissue to acid dissolution will be increased.

Conclusion:

Citric acid, lactic acid and pyruvic acid were all capable of demineralization and reduction of
surface hardness in both enamel and otoliths, almost equally after 5 and 30 minutes. Before contact
with acids, otoliths had almost the same surface hardness as human permanent teeth enamel. Under
the effect of these acids there were no significant difference between two groups from the point of
acid solubility and both groups showed the same rate of demineralization and reduction in surface
hardness. The results of this study can be used for further in vitro investigations.

The metallic inclusion of both otolith and enamel tissues maybe considered as an important factor
for increasing surface hardness and resistance of these organs against chemical attacks. Further
researchers are needed in this area.

Suggestion:

As the construction of caco3 molecules is more simple and much more practical to make in
laboratory than hydroxyapatite crystals, it is worth to find a way for substitution of lost enamel
structures by these molecules in the form aragonite in further researches. Aragonite calcium
carbonate may also be considered to be used in operative dental materials for filling and
reconstruction of destroyed enamel tissue due to caries in further researches. Inserting some metallic
ions like strontium (Sr) in the enamel crystals such as seen in otoliths may also be effective in
increasing the surface hardness of this tissue and hence its resistance to caries.

Conflict of interest: The authors declares that there is no conflict of interest

Acknowledgments: The authors would like to thank the Vice Chancellery of Research, School of
Dentistry, Shiraz University of Medical Sciences for their kind cooperation.

Vol. 30 No. 19 (2023): JPTCP (171-178) Page | 176


https://jptcp.com/index.php/jptcp/issue/view/79

Impact Of Cariogenic Acids On Otoliths Of Pomadasys Kaakan Fish In The Persian Gulf And Human Teeth Enamel :
An Invitro Study

Refrences:

1. Fejerskov O, Kidd E (eds). Dental caries: The disease and its clinical management. 2nd ed.
Oxford: Blackwell Munksgaard;. 2008; p. 287-323.

2. - Kreth J, Zhang Y, Herzberg MC. Streptococcal antagonism in oral biofilms: Streptococcus
sanguinis and Streptococcus gordonii interference with Streptococcus mutans. Journal of
bacteriology. 2008 Jul 1;190(13):4632-40.

3. Lakshman S. Essential microbiology for Dental students 2006; p.267.

4. Kreth J, Merritt J, Shi W, Qi F. Competition and coexistence between Streptococcus mutans and
Streptococcus sanguinis in the dental biofilm. Journal of bacteriology. 2005 Nov 1;187(21):7193-
203.

5. Arends J, Christoffersen J. Invited review article: the nature of early caries lesions in enamel.
Journal of dental research. 1986 Jan;65(1):2-11.

6. Nanci A. Enamel: composition, formation, and structure.In: Ten Cate AR, editor. Oral histology,
development structure and function, 6th ed. St. Louis, Missouri: Mosby Year Book. 2003; p.
145-191

7. Gauldie RW. Vaterite otoliths from chinook salmon (Oncorhynchus tshawytscha). New Zealand
Journal of Marine and Freshwater Research. 1986 Jun 1;20(2):209-17.

8. Gauldie RW. Effects of temperature and vaterite replacement on the chemistry of metal ions in
the otoliths of Oncorhynchus tshawytscha. Canadian Journal of Fisheries and Aquatic Sciences.
1996 Sep 1;53(9):2015-26.

9. Soéllner C, Burghammer M, Busch-Nentwich E, Berger J, Schwarz H, Riekel C, Nicolson T.
Control of crystal size and lattice formation by starmaker in otolith biomineralization. Science.
2003 Oct 10;302(5643):282-6.

10.Kreth J, Vu H, Zhang Y, Herzberg MC. Characterization of hydrogen peroxide-induced DNA
release by Streptococcus sanguinis and Streptococcus gordonii. Journal of bacteriology. 2009 Oct
15;191(20):6281-91.

11.Wilson M, Devine D, editors. Medical implications of biofilms. Cambridge University Press;
2003 Sep 1.

12.Toméas J, Geffen AJ. Morphometry and composition of aragonite and vaterite otoliths of
deformed laboratory reared juvenile herring from two populations. Journal of Fish Biology. 2003
Dec;63(6):1383-401.

13.Socransky SS, Manganiello AD, Propas D, Oram V, Van Houte J. Bacteriological studies of
developing supragingival dental plaque. Journal of periodontal research. 1977 Apr;12(2):90-106.

14.Al-Husaini M, Al-Ayoub S, Dashti J. Age validation of nagroor, Pomadasys kaakan (Cuvier,
1830)(Family: Haemulidae) in Kuwaiti waters. Fisheries research. 2001 Sep 1;53(1):71-81.

15.Lin CH, Li KT, Chang CW. Identification of Pomadasys species (Pisces, Haemulidae) from an
archaeological midden site in Nankuanli East (Taiwan), based on otolith morphology. The
Raffles Bulletin of Zoology. 2013 Feb 28;61(1):293-302.

16.Featherstone JD. Prevention and reversal of dental caries: role of low level fluoride. Community
dentistry and oral epidemiology. 1999 Feb;27(1):31-40.

17.Ghadimi E, Eimar H, Marelli B, Nazhat SN, Asgharian M, Vali H, Tamimi F. Trace elements
can influence the physical properties of tooth enamel. Springerplus. 2013 Dec 1;2(1):499.

18. Dobro$ K, Hajto-Bryk J, Wroblewska M, Zarzecka J. Radiation-induced caries as the late effect
of radiation therapy in the head and neck region. Contemporary Oncology. 2016;20(4):287.

19.Xu J, Zhang G. Biogenic nanospheres of amorphous carbonated Ca—Mg phosphate within the
periostracum of the green mussel Perna viridis. Journal of structural biology. 2014 Dec
1;188(3):205-12.

20.Toméas J, Geffen AJ. Morphometry and composition of aragonite and vaterite otoliths of
deformed laboratory reared juvenile herring from two populations. Journal of Fish Biology. 2003
Dec;63(6):1383-401.

21.Antao SM, Hassan |. The orthorhombic structure of CaCO3, SrCO3, PbCO3 and BaCO3: Linear

Vol. 30 No. 19 (2023): JPTCP (171-178) Page | 177


https://jptcp.com/index.php/jptcp/issue/view/79

Impact Of Cariogenic Acids On Otoliths Of Pomadasys Kaakan Fish In The Persian Gulf And Human Teeth Enamel :
An Invitro Study

structural trends. The Canadian Mineralogist. 2009 Oct 1;47(5):1245-55.

22.Ghadimi E, Eimar H, Marelli B, Nazhat SN, Asgharian M, Vali H, Tamimi F. Trace elements
can influence the physical properties of tooth enamel. Springerplus. 2013 Oct 2;2:499.

23.Kis VK, Sulyok A, Hegedlis M, Kovacs I, Rozsa N, Kovacs Z. Magnesium incorporation into
primary dental enamel and its effect on mechanical properties. Acta Biomater. 2021 Jan
15;120:104-115.

24.Mohammed NR, Lynch RJ, Anderson P. Inhibitory Effects of Zinc lons on Enamel
Demineralisation Kinetics in vitro. Caries Res. 2015;49(6):600-5.

25.Krishnan V, Bhatia A, Varma H. Development, characterization and comparison of two
strontium doped nano hydroxyapatite molecules for enamel repair/regeneration. Dent Mater.
2016 May;32(5):646-59.

26.Wang YL, Chang HH, Chiang YC, Lin CH, Lin CP. Strontium ion can significantly decrease
enamel demineralization and prevent the enamel surface hardness loss in acidic environment. J
Formos Med Assoc. 2019 Jan;118(1 Pt 1):39-49.

27.Reitznerova E, Amarasiriwardena D, Kopc¢akova M, Barnes RM. Determination of some trace
elements in human tooth enamel. Fresenius' journal of analytical chemistry. 2000 Aug
1;367(8):748-54

Vol. 30 No. 19 (2023): JPTCP (171-178) Page | 178


https://jptcp.com/index.php/jptcp/issue/view/79

