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Abstract
Pesticides reach people and wildlife as formulations, not as pure active
ingredients, yet regulatory developmental neurotoxicity data are generated
almost entirely on the active ingredient alone. The zebrafish embryo is an
attractive screen for closing that gap, because it develops externally, is
transparent through the period of primary neurogenesis, and is not treated as
a protected animal in several jurisdictions until it begins independent feeding.
Published zebrafish work is nonetheless hard to compare, because exposure
windows, vehicle concentrations, medium renewal, lighting and behavioural
scoring differ between laboratories. This article proposes a protocol designed
specifically for formulated products rather than single substances. It covers
characterisation of the test item, range-finding against the fish embryo acute
toxicity endpoints, a staged exposure beginning before gastrulation, daily
morphological scoring, a light and dark locomotor sequence read at five days
after fertilisation, and confirmation that the embryo was actually exposed.
Each step is given with the decision it requires and the record it should leave.
The protocol is a proposal assembled from published methods and test
guidelines. It has not been applied or validated here, and the article states
what would have to be demonstrated before it could be relied on for
screening.
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1. Introduction
Developmental neurotoxicity is among the most demanding endpoints in regulatory toxicology. The
rodent study described in OECD Test No. 426 requires dosing through gestation and lactation, with
behavioural and neuropathological assessment of the offspring (OECD, 2007). It consumes large numbers
of animals and takes years, and in consequence it has been conducted for only a minority of registered
pesticide active ingredients. For formulated products it is essentially never conducted at all.

That omission matters because formulations are not simply dilute active ingredient. They contain
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surfactants, solvents, adjuvants and stabilisers chosen to improve wetting, penetration and stability, and
those co-formulants have their own biological activity and can alter the uptake of the active ingredient.
The regulatory treatment of such components as inert has been criticised for many years (Cox and
Surgan, 2006), and comparisons of formulations with their declared active principles in cell systems have
reported differences that are difficult to attribute to the active ingredient alone (Mesnage et al., 2014).
Whatever view is taken of individual studies, the general point stands: the tested entity and the marketed
entity are not the same thing.

The zebrafish embryo offers a tractable screen. Development is external and rapid, the embryo is
transparent through the period when the primary neurons, axonal scaffold and neurotransmitter systems
are laid down, the staging series is standardised (Kimmel et al., 1995), and the genome is sequenced and
well annotated, with orthologues for the great majority of human disease genes (Howe et al., 2013).
Locomotor responses to light transitions appear within the first week and provide a quantitative
behavioural read-out (Irons et al., 2010). This article sets out a protocol for using that system on
formulations. The protocol is proposed and has not been validated here.

2. Background to the Design Choices
Two existing guidelines bound the design. OECD Test No. 236, the fish embryo acute toxicity test, fixes
husbandry, medium composition, plate format and the four apical endpoints of lethality (OECD, 2013).
Its history and its extension beyond acute testing have been described by Braunbeck et al. (2015). OECD
Test No. 426 defines what a developmental neurotoxicity study is expected to cover and is the standard
against which any screen will eventually be judged (OECD, 2007).

The regulatory status of the embryo also shapes the design. Under the European directive on the
protection of animals used for scientific purposes, the free-feeding larval stage marks the beginning of
protection, and work before that point falls outside the authorisation requirements (European Parliament
and Council, 2010). The reasoning and the boundaries have been discussed by Strähle et al. (2012). A
protocol intended as a replacement screen should therefore terminate before independent feeding begins,
which in practice means ending at five days after fertilisation.

A third consideration is what the zebrafish screen is for. It is not a substitute for the rodent study and
will not generate a point of departure for risk assessment. Its value is in ranking, in comparing a
formulation with its active ingredient, and in flagging products that warrant closer work. Large screening
exercises have shown that the system can process chemical libraries at that level (Padilla et al., 2012;
Truong et al., 2014), and reviews of neurotoxicity assessment in the model have set out both its reach and
its limits (Bailey et al., 2013; Fitzgerald et al., 2021).

3. The Proposed Protocol
The protocol has seven steps. Figure 1 shows how they connect and where the procedure loops back on
itself. The settings that differ most between published studies, and that therefore need to be fixed
explicitly, are listed in Table 1 with the reason for each choice.

3.1. Step 1: characterise the test item
A formulation is a defined commercial product, and the record should state the product name, the batch,
the declared active ingredient and its nominal content, and whatever is disclosed about the co-formulants.
The matched active ingredient of known purity is obtained for parallel testing. Both are checked for
solubility and for visible phase separation in the dilution water at the highest intended concentration,
since a formulation that disperses rather than dissolves will give concentrations that are not what they
appear.

3.2. Step 2: range-find on the acute endpoints
A widely spaced concentration series is run first against the coagulation, somite, tail detachment and
heartbeat endpoints of the fish embryo acute toxicity test (OECD, 2013). The purpose is to place the main

Mthembu et al. / Int.J.Toxicol.Res. 1(1) (2026) 13-18



Page 3 of 6

experiment below overt lethality and gross malformation, because a behavioural deficit in a deformed or
moribund embryo says nothing specific about the nervous system. The main study then uses closely
spaced concentrations spanning the region below that threshold.

Figure 1: Sequence of the proposed protocol, from characterisation of the formulation to reporting
against the active ingredient

Table 1: Settings fixed by the proposed protocol and the reason for each

Setting Proposed choice Reason

Test item Formulation and active
ingredient in parallel The comparison is the purpose of the screen

Exposure start Before the end of cleavage Covers gastrulation and primary neurogenesis

Exposure end Five days after fertilisation Before independent feeding (Strähle et al., 2012)

Medium Standard dilution water, daily
renewal

Limits loss by degradation and sorption (OECD,
2013)

Vehicle Water where possible, solvent
kept minimal Solvents alter uptake and baseline activity

Plate material Glass or low-sorption plastic Lipophilic actives and surfactants adsorb to
polystyrene

Behaviour Light and dark alternation on
day five

Transitions give a robust response (Irons et al.,
2010)

3.3. Step 3: expose from early cleavage
Freshly collected eggs are sorted under a stereomicroscope, unfertilised and irregularly cleaving embryos
are discarded, and exposure begins before the end of the cleavage period so that gastrulation and the
whole of primary neurogenesis occur under exposure (Kimmel et al., 1995). Embryos are held
individually in wells with daily renewal of the medium, and plates are kept at the standard temperature
on a fixed light cycle. Husbandry follows established laboratory practice (Westerfield, 2000).

3.4. Step 4: score morphology daily
Each embryo is examined every day against a fixed list: coagulation, somite formation, tail detachment,
heartbeat, oedema, spinal curvature, swim bladder inflation, eye and head size, and pigment pattern.
Daily scoring serves two purposes. It records the general toxicity against which any behavioural finding
must be interpreted, and it identifies the day on which an effect first appears, which carries information
about the developmental process affected.

Mthembu et al. / Int.J.Toxicol.Res. 1(1) (2026) 13-18



Page 4 of 6

3.5. Step 5: record locomotor behaviour
On day five the plate is moved to a tracking system and acclimatised in darkness before a sequence of
alternating light and dark periods. Movement is recorded continuously and summarised for each period.
The dark phase startle and the subsequent habituation are the features most consistently reported in the
literature (Irons et al., 2010). Temperature, time of day and plate position influence the response, so the
protocol fixes them and randomises treatment across the plate rather than filling it column by column.

3.6. Step 6: confirm internal exposure
A negative result is uninterpretable unless the embryo was exposed. The chorion is a partial barrier, and
surfactants in a formulation may alter its permeability, which is itself part of what the screen is testing.
Where analytical capacity exists, the active ingredient is measured in the medium at the start and end of a
renewal interval and, if possible, in pooled embryos. Where it does not, the protocol requires that the
limitation be stated rather than passed over. The broader argument for treating internal exposure as part
of the assay has been made for environmental risk assessment generally (Scholz et al., 2008).

3.7. Step 7: report against the active ingredient
Results for the formulation are reported alongside those for the matched active ingredient at equivalent
nominal active concentrations, so that a difference between them is visible. Reporting follows the
principles of the ARRIVE guidelines as far as they apply to embryonic stages (Percie du Sert et al., 2020),
with the number of embryos, the number of independent clutches, the exclusion rules and the statistical
approach all stated in advance.

4. Fitting the Protocol to a Working Laboratory
The protocol assumes a breeding colony, a stereomicroscope, an incubator and a tracking system, which is
the equipment of an ordinary zebrafish facility rather than a specialised one. The main costs are the
analytical confirmation in step six and the use of independent clutches, both of which are tempting to
omit and both of which determine whether the result means anything. Clutch is the largest single source
of variation in this system, and treatment groups drawn from one spawning cannot be distinguished from
clutch effects.

Scheduling is governed by the five-day window. One operator can handle a small number of plates per
cohort, and a formulation with its matched active ingredient and controls fills a cohort. A screening
programme is therefore a sequence of weekly cohorts rather than a single large experiment, which has the
advantage that the concentration range can be adjusted between cohorts. Plate position effects are worth
checking once at the outset, since edge wells differ in evaporation and in illumination during tracking.

5. Limitations and What Remains to Be Shown
This protocol is a proposal. It has not been run, and three things would have to be established before it
could be recommended for screening. The first is reproducibility: whether the behavioural read-out gives
consistent rankings across clutches, operators and laboratories, which is the weakness most often
identified in zebrafish behavioural work. The second is concordance: whether compounds known to be
developmental neurotoxicants in mammals are flagged, and whether compounds known not to be are
not. The third is whether the formulation against active ingredient comparison behaves as intended,
which requires products whose co-formulants are known.

Two limits are structural rather than empirical. A behavioural change at five days is a sensitive but
unspecific indicator, and distinguishing a neurodevelopmental effect from altered muscle function or
general malaise needs follow-up with neuroanatomical or transcriptional endpoints. And the zebrafish
lacks the placental and lactational exposure routes that the mammalian study covers, so the screen
addresses direct exposure of the embryo and nothing else. Broader discussions of what neurotoxicity
testing in non-mammalian models can and cannot deliver make the same point (Legradi et al., 2018).
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6. Conclusion
Formulated pesticides are what organisms encounter, and the developmental neurotoxicity data that
regulators hold describe something else. The zebrafish embryo is a practical system for narrowing that
gap, provided the protocol is specified tightly enough that results can be compared between laboratories.
The seven steps set out here fix the choices that most often differ, pair every formulation with its active
ingredient, and require that internal exposure be addressed rather than assumed. Whether the screen
performs as intended is an empirical question, and the reproducibility and concordance work needed to
answer it is the natural next step.

Conflict of interest
To be declared by the author(s) before publication.

Funding
To be declared by the author(s) before publication.

References
Bailey, J., Oliveri, A. and Levin, E.D. (2013). Zebrafish model systems for developmental neurobehavioral

toxicology. Birth Defects Research Part C: Embryo Today, 99(1): 14-23.

Braunbeck, T., Kais, B., Lammer, E., Otte, J., Schneider, K., Stengel, D. and Strecker, R. (2015). The fish
embryo test (FET): origin, applications, and future. Environmental Science and Pollution Research,
22(21): 16247-16261.

Cox, C. and Surgan, M. (2006). Unidentified inert ingredients in pesticides: implications for human and
environmental health. Environmental Health Perspectives, 114(12): 1803-1806.

European Parliament and Council (2010). Directive 2010/63/EU on the protection of animals used for
scientific purposes. Official Journal of the European Union, L276: 33-79.

Fitzgerald, J.A., Könemann, S., Krümpelmann, L., Živalj, A. and Vom Berg, C. (2021). Approaches to test
the neurotoxicity of environmental contaminants in the zebrafish model: from behavior to molecular
mechanisms. Environmental Toxicology and Chemistry, 40(4): 989-1006.

Howe, K., Clark, M.D., Torroja, C.F., Torrance, J., Berthelot, C., Muffato, M., Collins, J.E., Humphray, S.,
McLaren, K., Matthews, L. and others (2013). The zebrafish reference genome sequence and its
relationship to the human genome. Nature, 496: 498-503. https://doi.org/10.1038/nature12111

Irons, T.D., MacPhail, R.C., Hunter, D.L. and Padilla, S. (2010). Acute neuroactive drug exposures alter
locomotor activity in larval zebrafish. Neurotoxicology and Teratology, 32(1): 84-90.

Kimmel, C.B., Ballard, W.W., Kimmel, S.R., Ullmann, B. and Schilling, T.F. (1995). Stages of embryonic
development of the zebrafish. Developmental Dynamics, 203(3): 253-310.

Legradi, J.B., Di Paolo, C., Kraak, M.H.S., van der Geest, H.G., Schymanski, E.L., Williams, A.J.,
Dingemans, M.M.L., Massei, R., Brack, W., Cousin, X., Begout, M.-L., van der Oost, R., Carion, A.,
Suarez-Ulloa, V., Silvestre, F., Escher, B.I., Engwall, M., Nilén, G., Keiter, S.H., Pollet, D., Waldmann,
P., Kienle, C., Werner, I., Haigis, A.-C., Knapen, D., Vergauwen, L., Spehr, M., Schulz, W., Busch, W.,
Leuthold, D., Scholz, S., vom Berg, C.M., Basu, N., Murphy, C.A., Lampert, A., Kuckelkorn, J.,
Grummt, T. and Hollert, H. (2018). An ecotoxicological view on neurotoxicity assessment.
Environmental Sciences Europe, 30: 46.

Mesnage, R., Defarge, N., Spiroux de Vendômois, J. and Séralini, G.-E. (2014). Major pesticides are more
toxic to human cells than their declared active principles. BioMed Research International, 2014: 179691.

OECD (2007). Test No. 426: Developmental Neurotoxicity Study. OECD Guidelines for the Testing of
Chemicals, Section 4, OECD Publishing, Paris.

OECD (2013). Test No. 236: Fish Embryo Acute Toxicity (FET) Test. OECD Guidelines for the Testing of
Chemicals, Section 2, OECD Publishing, Paris.

Mthembu et al. / Int.J.Toxicol.Res. 1(1) (2026) 13-18

https://doi.org/10.1038/nature12111


Page 6 of 6

Padilla, S., Corum, D., Padnos, B., Hunter, D.L., Beam, A., Houck, K.A., Sipes, N., Kleinstreuer, N.,
Knudsen, T., Dix, D.J. and Reif, D.M. (2012). Zebrafish developmental screening of the ToxCast Phase
I chemical library. Reproductive Toxicology, 33(2): 174-187.

Percie du Sert, N., Hurst, V., Ahluwalia, A., Alam, S., Avey, M.T., Baker, M., Browne, W.J., Clark, A.,
Cuthill, I.C., Dirnagl, U., Emerson, M., Garner, P., Holgate, S.T., Howells, D.W., Karp, N.A., Lazic,
S.E., Lidster, K., MacCallum, C.J., Macleod, M., Pearl, E.J., Petersen, O.H., Rawle, F., Reynolds, P.,
Rooney, K., Sena, E.S., Silberberg, S.D., Steckler, T. and Würbel, H. (2020). The ARRIVE guidelines
2.0: updated guidelines for reporting animal research. PLOS Biology, 18(7): e3000410.
https://doi.org/10.1371/journal.pbio.3000410

Scholz, S., Fischer, S., Gündel, U., Küster, E., Luckenbach, T. and Voelker, D. (2008). The zebrafish
embryo model in environmental risk assessment: applications beyond acute toxicity testing.
Environmental Science and Pollution Research, 15(5): 394-404.

Strähle, U., Scholz, S., Geisler, R., Greiner, P., Hollert, H., Rastegar, S., Schumacher, A., Selderslaghs, I.,
Weiss, C., Witters, H. and Braunbeck, T. (2012). Zebrafish embryos as an alternative to animal
experiments: a commentary on the definition of the onset of protected life stages in animal welfare
regulations. Reproductive Toxicology, 33(2): 128-132.

Truong, L., Reif, D.M., St Mary, L., Geier, M.C., Truong, H.D. and Tanguay, R.L. (2014). Multidimensional
in vivo hazard assessment using zebrafish. Toxicological Sciences, 137(1): 212-233.

Westerfield, M. (2000). The Zebrafish Book: A Guide for the Laboratory Use of Zebrafish (Danio rerio),
fourth edition. University of Oregon Press, Eugene, OR.

Mthembu et al. / Int.J.Toxicol.Res. 1(1) (2026) 13-18

Cite this article as: Mthembu S., Sargsyan K. and Sundararajan M. (2026). Zebrafish Embryo Assay 
Optimisation for Screening Developmental Neurotoxicity of Pesticide Formulations. International 
Journal of Toxicology Research. 1(1), 13-18. doi: 10.62715/ijtr.2026.v1.i1.pp13-18

https://doi.org/10.1371/journal.pbio.3000410
https://doi.org/10.62715/ijtr.2026.v1.i1.pp13-18
https://doi.org/10.62715/ijtr.2026.v1.i1.pp13-18
https://doi.org/10.62715/ijtr.2026.v1.i1.pp13-18

