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Abstract

Background: Triple Antibiotic Paste (TAP) is widely used as an intracanal medicament in endodontics. With the 
introduction of nanosilica-based formulations (Np-TAP) to enhance delivery and efficacy, concerns regarding their 
potential environmental and developmental toxicity have emerged. Aim: To evaluate the developmental toxicity 
of TAP and nanosilica-based TAP (Np-TAP) on zebrafish (Danio rerio) embryos by assessing hatching rates 
and viability. Materials and Methods: Zebrafish embryos were exposed to TAP and Np-TAP at concentrations 
ranging from 10 to 160 µL from 24 to 96 hours post-fertilization. Untreated embryos served as controls. Embryonic 
development, hatching rates, viability, and morphological changes were assessed at 24-hour intervals. Results: 
Both TAP and Np-TAP induced dose-dependent delays in hatching. Lower concentrations demonstrated complete 
recovery of hatching by 48 hours, whereas higher concentrations significantly inhibited hatching, with complete 
absence observed at the highest doses by 96 hours. Embryo viability decreased progressively with increasing 
concentration and exposure duration, despite initially being 100% across all groups. Incorporation of nanosilica 
did not reduce the developmental toxicity associated with TAP. Conclusion: High concentrations of TAP and 
Np-TAP adversely affect zebrafish embryonic development, indicating potential ecological risks. The addition 
of nanosilica did not mitigate TAP-induced toxicity. These findings emphasize the need for precise dosing in 
endodontic applications and warrant further environmental risk assessments of antibiotic-containing nanomaterials.
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INTRODUCTION

The zebrafish (Danio rerio) has been 
identified as a phenomenal organism 
close to the human’s ecological 

system, being used as a laboratory model in 
various research studies. Its excellence falls 
in genetic malleability, ease of reproduction, 
and the remarkable transparency of its 
embryonic stages.[1] Zebrafish larvae hold 
a unique specification in high-throughput 
drug testing, which helps the researchers to 
test combinations, such as small size, optical 
translucence, and prolific embryo production.[2] 
The applicability of zebrafish is very extensive, 
ranging from scientific domains, encompassing 
toxicology, early-life exposure to xenobiotics, 
disease modeling, and screening for bioactive 
compounds.[3] Considering cancer research, 
zebrafish plays a pivotal role by being an 
invaluable model as it is ideal for analyzing the 

process of carcinogenesis, tumor progression, metastasis, 
and drug resistance.[4] In addition to cancer research, they 
are utilized in the domain of aquatic ecotoxicology by 
analyzing the toxicity of environmental pollutants along with 
bioaccumulation which ideally helps researchers to monitor 
the consequences of pollution in aquatic ecosystems.[5]

Assessing the various embryonic stages of zebrafish 
throughout the study has been a challenge, but a breakthrough 
was made by the imaging techniques that were invented, such 
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as optoacoustic mesoscopy and selective plane illumination 
microscopy. The fusion technology identifies through 
the developmental stages of zebrafish, starting from the 
embryonic phase to adulthood. The combination of these 
two techniques is a novel method that enhances precision 
and paves the way for more incorporation of technological 
advancements in the field of research.[6]

There are numerous antimicrobial medicaments, but certain 
medicaments are being consistently studied in the past decade 
by various endodontists as they both possess tremendous 
properties. Those include triple antibiotic paste (TAP), which 
is a combination of three antibiotics, including metronidazole, 
ciprofloxacin, and minocycline proven to be an exceptional 
therapeutic agent in eliminating pathogens.[7] Nanosilica-
based TAP (Np-TAP), a nanosilica-based counterpart of 
TAP, is a new innovation to the conventional therapies where 
nanosilica, such as doxycycline, flagyl, and ciprofloxacin, 
are incorporated into the drug delivery system. These 
medicaments are being consistently studied in the past decade 
by various endodontists as they both possess tremendous 
properties.[8,9] This invention brought the mechanism of 
having controlled and sustained antimicrobial agent release, 
potentially amplifying its effectiveness.[10]

The antimicrobial efficacies of TAP and Np-TAP have been 
compared with other medicaments that are used for intracanal 
dressings have been studied by various endodontic researchers. 
Studies have concluded about the superiority of TAP in 
comparison to plain calcium hydroxide (CH) and Ocimum 
sanctum, highlighting its efficacy as an antimicrobial agent. 
Nevertheless, no significant divergence was noted between 
TAP and CH plus 2% chlorhexidine.[11] However, the efficacy 
through clinical applications of TAP need further clinical trials.

These trials are imperative to secure robust clinical evidence, 
ensuring the endorsement and widespread use of TAP in the 
realm of endodontic practice. Despite the numerous research 
conducted on antimicrobial efficacy on zebrafish, knowledge 
gaps loom large in assessing the efficacy of silica nanoparticles 
(SiNP) and the route of administration of domperidone (DP) 
(intramuscular).[12] There is a lack of evidence in identifying 
the properties of SiNPs, such as gene expression, enzymes, 
metabolites, effects on zebrafish, and accumulation patterns of 
nanoparticles in different organs and tissues.[13] Internal organs 
are infiltrated by smaller nanoparticles, whereas superficial 
parts, such as the gut, gills, and skin, are accumulated with 
larger nanoparticles.[14] The neurotoxic effects of SiNPs, 
such as apoptosis, axonal integrity, and gene expression, on 
embryos of zebrafish have been studied.[15]

As we venture deeper into the intricacies of zebrafish 
embryonic development, we cast a spotlight on these gaps 
in knowledge. In the quest for answers, this research aims 
to analyze the interactions among strives to contribute to 
our understanding of the intricate interactions among TAP, 
NP-TAP, and zebrafish embryonic development.

MATERIALS AND METHODS

Synthesis of nanosilica

A sterile conical flask was used to mix 1.57 mL of ammonia 
and 37 mL of ethanol as solvents, to which 5 mL of water 
was added gently. Upon continuous stirring for 5 min, 3 mL 
of TEOS was added, and the stirring was continued for the 
next hour.

Subsequently, the SiNPs were separated by the process of 
centrifugation at 10,000 rpm for 30 min. The resulting pellet 
was then dried using 60°C in a hot air oven.

Preparation of SiNPs based antibiotic 
combinations

A combination of medicaments, such as doxycycline, 
Flagyl, and ciprofloxacin were added to antibiotics with a 
composition of 100 mg each at a ratio of 1:1. Subsequently, 
these combinations were dissolved in 1 mL of distilled water 
and subjected to mixing on a vortex mixer for a duration of 
10–15 min. This procedure was conducted to prepare the 
nano-silica-based antibiotic combinations.

Exposure of zebrafish embryos to tap and Np-TAP

Wild-type zebrafish (D. rerio) were recruited and preserved 
in separate tanks under controlled environmental conditions 
at a temperature of 28.2°C, a light/dark cycle of 14:10 h, 
with a pH of 6.8–8.5. The zebrafish were fed with dried 
bloodworms or given an appropriate diet twice every day. 
Each breeding tank consisted of a female and three male 
zebrafishes to produce embryos. Upon fertilization, viable 
eggs were collected and washed with a freshly prepared E3 
media (without methylene blue) and distributed into 6-well, 
12-well, and 24-well culture plates, with 20 embryos per well 
in 2 mL of solution.

For the experiments, E3 medium was prepared and added 
with a freshly prepared stock solution of TAP or Np-TAP 
at concentrations that include 1:10, 1:20, 1:40, 1:80, and 
1:160. The solution was sonicated for 15 min to ensure 
even dispersion of nanoparticles while maintaining a pH 
of 7.2–7.3. Healthy fertilized embryos were exposed to 
these concentrations of TAP or Np-TAP for 24–96 h post-
fertilization. Control groups were also established. Any non-
viable embryos were removed from the exposed groups every 
12 h, and all plates were covered and maintained at 28°C.

Evaluation of zebrafish embryos

Monitoring of embryonic development of Zebrafish was 
made under a stereo microscope during both the periods of 
exposure and subsequent fertilization. The concentrations 
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(1:10, 1:20, 1:40, 1:80, and 1:160) of TAP and Np- TAP were 
applied to the embryos from 24 to 78 h post-fertilization. The 
study endpoints included assessing embryonic mortality and 
hatching rates at 24-h intervals. Malformations observed in 
embryos and larvae in both the control and treatment groups 
were documented using a light microscope. Photographs of 
abnormal embryos were taken, and the percentage of affected 
embryos was recorded every 24 h.

RESULTS

The rate of hatching of embryos upon exposure to Np-TAP 
and the control group at concentrations of 10 µL, 20 µL, 
40 µL, 80 µL, and 160 µL, were examined thoroughly over a 
4-day period. Hatching was not seen on day 1 across groups, 
but a marked variation was evident on day 2. On Day 1, 30% 
hatching rates were observed with concentrations of 10 µL 
and 20 µL; however, 25% hatching rates with 40 µL, 20% 
and 15% with 80 µL and 160 µL, respectively [Figure 1].

On Day 2, complete hatching was observed across all the 
concentrations. It is evident that the Np-TAP’s hatching 
is concentration-dependent, with varied hatching rates at 
different concentrations on Day 1 that turned into normal 
hatching eventually as the day progressed.

Notably, by the end of the 2nd day, all concentrations, 
including the control, showed complete hatching. The control 
group maintained a consistent 100% hatching rate throughout 
the 2 days.

Similarly, the viability rates upon exposure to Np-TAP 
and the control group at concentrations of 10 µL, 20 µL, 
40 µL, 80 µL, and 160 µL were examined thoroughly over 
a 4-day period. The viability rates remained consistent 
across concentration and days in the control group, but the 
experimental group showed a concentration-dependent trend. 
Variations were not seen on day 1 across groups, but a marked 
variation was evident on day 2, with 80% viability rate of 
embryos to 80 µL and 70% rate with 160 µL concentration 
[Figure 2]. This trend is downward and it continued to reduce 
as the days moved further with a reduction in viability rates 

at higher concentrations on days 3 and 4. This implies that 
viability rates are also concentration dependent, similar to 
hatching rates.

The comprehensive analysis of the hatching rates of zebrafish 
embryos exposed to TAP at varying concentrations, including 
10 µL, 20 µL, 40 µL, 80 µL, and 160 µL, alongside a control 
group were performed. Initially, none of the concentrations 
exhibited hatching, but 40% hatching rates were observed at 
lower concentrations and 25% was observed at the highest 
concentration of 160 µL. However, all the concentrations 
except for 80 µL and 160 µL, [Figure 3] exhibited complete 
hatching on the 2nd day, which shows a time-dependent 
response.

On day 4, no hatching was observed with 80 µL and 160 µL 
concentrations in contrast to the control group which exhibited 
complete hatching. This shows that the TAP also exhibits 
concentration-dependent trend with varied hatching rates at 
different concentrations on day 1 and 2, which was followed 
by no hatching at end of day 4. A comprehensive analysis 
of the viability rates of zebrafish embryos experimented 
with TAP at different concentrations showed full viability 
during the initial stage, but viability reduced substantially 
on the 2nd day when the embryos were exposed to higher 
concentrations and significant decline on the 4th day with 
highest concentration [Figure 4]. These show that TAP is also 
concentration-dependent.

Figure  1: Hatching rate of zebrafish embryos treated with 
nanosilica based triple antibiotic paste

Figure  2: Viability rate of zebrafish embryos treated with 
nanosilica based triple antibiotic paste

Figure  3: Hatching rate of zebrafish embryos treated with 
triple antibiotic paste
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DISCUSSION

The study analyzed the hatching rates and viability rates of 
zebrafish embryos at different concentrations for a 4 days 
period, which revealed interesting patterns in the hatching 
rates of zebrafish embryos when exposed to TAP and Np-TAP. 
At the initial stages, both TAP and Np-TAP exposure led to 
delayed hatching, particularly at higher concentrations of 
160 µL. Highest concentrations of TAP and Np-TAP showed 
a decline in hatching on the 2nd day, which gradually changed 
and complete hatching occurred by the end of the 2nd day 
across concentrations. As the day progressed to the fourth, 
no hatching was noticed at the highest concentration in both 
TAP and Np-TAP groups; however, 100% hatching was 
observed in the control group. This shows that the hatching 
rates vary not only based on the duration, but especially 
the concentration. In specific, the hatching rates declined 
the most at the highest concentration in both TAP and 
Np-TAP groups, which shows the disruption of embryonic 
development in zebrafish. This result is in line with the 
findings observed in studies investigating the efficacy of 
TAP and Np-TAP as intracanal medicaments, which showed 
that they effectively eliminate pathogenic bacteria, making it 
highly beneficial for managing the polymicrobial nature of 
root canal infections.[12,13]

Similarly, the viability rates showed complete viability in the 
initial days with a substantial decline as the days progressed 
and the 4th day exhibited the most significant decline. The 
decline was more pronounced only to higher concentrations 
of TAP and Np-TAP. This finding is similar to hatching rates, 
and it is evident that both hatching and viability rates are 
concentration dependent; significant decline in hatching and 
viability rates were evident at higher concentrations on the 
4th day.

The findings of the present study correlate with the previous 
studies where the impact of SiNPs were tested on zebrafish 
embryonic development, which demonstrated that combining 
DP with SiNPs reduced the toxicity of both DP and SiNPs, 
scaffolding ways to limit the cardiotoxic effects of DP.[14] 
Another study explored the effects of nano-SiO2, a type of 

SiNP, on heart and blood vessel development in zebrafish, 
revealing cell apoptosis and increased endoplasmic reticulum 
stress.[15]

Another study investigated the effect of alumina nanoparticles 
(AlNPs) on neurodevelopmental toxicity in zebrafish larvae 
with respect to the size of the particle and found that smaller 
AlNPs showed malformations, genetic alterations, such 
as autophagy and oxidative stress.[16] The combination of 
SiNPs and cadmium on the cardiovascular system were 
experimented in a study, which identified the detrimental 
effects, such as heart rate and vascular endothelial cell 
damage getting intensified compared to the individual 
exposure.[17] On the other hand, nanosilica promotes dentine-
pulp complex regeneration and achieved superior infection 
control in a few studies.[18,19] These studies make it evident 
that the SiNPs exhibit toxicological effects on zebrafish 
embryonic development, whereas the incorporation of 
nanosilica could improve the pharmacokinetics of TAP 
and its therapeutic index when introduced as an intracanal 
medicament.

The study’s findings have several important implications, such 
as the importance of potential risks to the aquatic ecosystems, 
especially zebrafish and larvae, through the release of TAP 
and Np-TAP, as both materials are very commonly used in 
various industries and research laboratories. The study also 
demonstrated the concentration-dependent effects of TAP 
and Np-TAP on the zebrafish as the effect of hatching and 
viability vary based on the concentration, time, and size of the 
particles.[20] which emphasizes the importance of precision in 
dosage and controlling the experimental and environmental 
settings.[21]

Finally, this research contributes to the controversies raised 
on the usage of nanomaterials due to their potential ecological 
consequences. Nanosilica-based materials are used by various 
researchers and industries, although their compatibility 
and potential hazards have to be investigated through more 
clinical trials to conclude about their safety.[22] Overall, this 
study sheds light on the impact of TAP and Np-TAP on the 
embryonic development of zebrafish, providing valuable 
insights into their potential ecological consequences.

CONCLUSION

The effects of TAP and Np-TAP on the embryonic 
development stages of zebrafish are concentration-
dependent. While the research highlighted some initial delays 
in hatching rates and a concentration-dependent impact on 
viability, it also indicates the potential for recovery and 
normalization of embryonic development over time. These 
findings underscore the adaptability of zebrafish in response 
to environmental stressors. It is considered that the study 
contributes to our growing understanding of the ecological 
implications of nanomaterials, encouraging future research 

Figure 4: Viability rate of zebrafish embryos treated with triple 
antibiotic paste
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to harness the benefits of these materials while mitigating 
potential environmental risks.

ETHICAL POLICY AND INSTITUTIONAL 
REVIEW BOARD STATEMENT

The study has been approved by the scientific review 
board with the reference number SRB/SDC/PhD/
ENDO-1901/22/095.

PATIENT DECLARATION OF CONSENT

Not applicable.

DATA AVAILABILITY STATEMENT

Data are available in the article; further details can be 
requested by mail to the corresponding author.

REFERENCES

1.	 Bondue T, Berlingerio SP, Van den Heuvel L, 
Levtchenko E. The zebrafish embryo as a model 
organism for testing mRNA-based therapeutics. Int J 
Mol Sci 2023;24:11224.

2.	 Lachowicz J, Szopa A, Ignatiuk K, Świąder K, Serefko 
A. Zebrafish as an animal model in cannabinoid research. 
Int J Mol Sci 2023;24:10455.

3.	 Singhal SS, Garg R, Mohanty A, Garg P, Ramisetty SK, 
Mirzapoiazova T, et al. Recent advancement in breast 
cancer research: Insights from model organisms-mouse 
models to zebrafish. Cancers (Basel) 2023;15:2961.

4.	 Li H, Liu Y, Chen Q, Jin L, Peng R. Research progress of 
zebrafish model in aquatic ecotoxicology. Water (Basel) 
2023;15:1735.

5.	 Tharani M, Rajeshkumar S, Al-Ghanim KA, 
Nicoletti M, Sachivkina N, Govindarajan M. Terminalia 
chebula-assisted silver nanoparticles: Biological 
potential, synthesis, characterization, and ecotoxicity. 
Biomedicines 2023;11:1472.

6.	 Vetschera P, Koberstein-Schwarz B, Schmitt-
Manderbach T, Dietrich C, Hellmich W, Chekkoury A, 
et al. Beyond early development: Observing zebrafish 
over 6 weeks with hybrid optical and optoacoustic 
imaging. Laser Photonics Rev 2023;17:2200846.

7.	 Ribeiro JS, Münchow EA, Ferreira Bordini EA, De 
Oliveira da Rosa WL, Bottino MC. Antimicrobial 
therapeutics in regenerative endodontics: A scoping 
review. J Endod 2020;46 9 Suppl: S115-27.

8.	 Bains R, Tikku AP, Verma P, Pandey P. Antimicrobial 
efficacy of triple antibiotic paste in teeth with primary 
endodontic infection: A systematic review. Asian J Oral 

Health Allied Sci 2021;11:2.
9.	 Tilokani A, Agrawal P, Pradhan P, Patri G, Karmakar N, 

Sinha Y. Comparative evaluation of antibacterial efficacy 
of nonsteroidal anti-inflammatory medications and 
proton-pump inhibitor against Enterococcus faecalis: An 
in vitro study. J Conserv Dent 2023;26:79.

10.	 Naidu S, Nadimpalli M, Dondapati GD, Sowjanya T, 
Podili S, Babu MB. Comparative antimicrobiotic efficacy 
test of triple antibiotic paste, double antibiotic paste 
with fungicide, and calcium hydroxide with chitosan as 
vehicle against Enterococcus faecalis: An in vitro study. 
J Pharm Res Int 2021;33:13-22.

11.	 Hanin AS, Anjaneyulu K, Muralidharan NP. 
Antimicrobial efficacy of calcium hydroxide and triple 
antibiotic paste combination on E. faecalis biofilm: An 
in vitro study. J Pharm Res Int 2020;32:120-6.

12.	 Nasim I, Jaju KK, Shamly M, Vishnupriya V, Jabin Z. 
Effect of nanoparticle based intra-canal medicaments 
on root dentin micro-hardness. Bioinformation 
2022;18:226.

13.	 Hameed S, Antony DP, Shanmugam R, Raghu S, 
Adimulapu HS. Enhancing antimicrobial efficacy and 
synergistic effects of nano-silica-based combinations 
with doxycycline, metronidazole, and ciprofloxacin 
against Enterococcus faecalis biofilms. Cureus 
2024;16:e54668.

14.	 Valadares LP, Lima LC, Saboia-Morais SM, Arantes TM, 
Cristovan FH, Da Silva NM, et al. Embryotoxicity of 
silica nanoparticles in the drug delivery of domperidone 
in zebrafish. Aquat Toxicol 2023;258:106454.

15.	 He M, Yu L, Li X, Ma S, Gu N, Jia J, et al. Silica 
nanoparticles induced embryonic dysplasia and 
apoptosis via endoplasmic reticulum stress in zebrafish 
(Danio rerio). Part Part Syst Charact 2023;40:2200143.

16.	 Torres-Ruiz M, De la Vieja A, De Alba Gonzalez M, 
Esteban Lopez M, Castaño Calvo A, Cañas-Portilla AI. 
Toxicity of nanoplastics for zebrafish embryos, what 
we know and where to go next. Sci Total Environ 
2021;797:149125.

17.	 Wei J, Liu J, Liang S, Sun M, Duan J. Low-dose 
exposure of silica nanoparticles induces neurotoxicity 
via neuroactive ligand-receptor interaction signaling 
pathway in zebrafish embryos. Int J Nanomedicine 
2020;15:4407-15.

18.	 Nasim I, Jabin Z, Kumar SR, Vishnupriya V. Green 
synthesis of calcium hydroxide-coated silver 
nanoparticles using Andrographis paniculata and 
Ocimum sanctum Linn. Leaf extracts: Antimicrobial 
and cytotoxic activity. J Conserv Dent Endod 
2022;25:369-74.

19.	 Hameed MS, Antony SD, Shanmugam R, Raghu S. 
Synthesis and characterization of nanosilica-coated 
antibiotics (TAP): A comprehensive study utilizing 
XRD, EDS, FTIR, SEM, and TEM - in vitro study. J Int 
Oral Health 2024;16:386-93.

20.	 Fan R, Chen J, Gao X, Zhang Q. Neurodevelopmental 
toxicity of alumina nanoparticles to zebrafish larvae: 



Hameed and Antony: Impact of TAP and Nano-TAP on Zebrafish Development

Asian Journal of Pharmaceutics • Oct-Dec 2025 • 19 (4) | 2226

Toxic effects of particle sizes and ions. Food Chem 
Toxicol 2021;157:112587.

21.	 Liu P, Wang S, Chang Z, Li L, Xing H, Dong WF. 
Combined toxicity of silica nanoparticles and cadmium 
chloride on the cardiovascular system of zebrafish 
(Danio rerio) larvae. Comp Biochem Physiol C Toxicol 
Pharmacol 2021;239:108895. Source of Support: Nil. Conflicts of Interest: None declared.

22.	 Shah T, Surendar S, Singh S, Sugumaran S. Green 
synthesis of zinc oxide nanoparticles using Ananas 
comosus extract: Preparation, characterization, and 
antimicrobial efficacy. Cureus 2023;15:e47535.


