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Extended Abstract:

Introduction: Medicinal plants have long been an integral part of human therapies and, even today, they remain an
essential source of modern pharmaceutical agents. A considerable number of contemporary drugs are either derived
from natural products or designed to mimic their structures (Mustafa et al., 2017). Although modern synthetic
chemistry has enabled the development of novel and exclusive formulations that could not have been achieved solely
through natural compounds, it still provides only limited access to the vast chemical and structural diversity found in
plant-derived metabolites (Bode and Dong, 2011). Ginger (Zingiber officinale) a plant from the ginger family, is
widely used as a medicinal herb due to its antioxidant and anti-inflammatory properties. Ginger is one of the most
widely used medicinal plants worldwide. Its rhizome is commonly employed both as a culinary spice and as a
principal herbal medicine, due to its abundant bioactive compounds—particularly pungent phenols such as [6]-
gingerol and [6]-shogaol—and its numerous therapeutic properties. Notably, ginger exhibits anti-inflammatory,
antioxidant, analgesic, and other pharmacological activities (Bischoff-Kont and Fiirst, 2021, Zhang et al., 2021). It
has been used to treat a variety of conditions, ranging from digestive disorders to arthritis. In particular, ginger is
well recognized for alleviating nausea and vomiting, making it popular among pregnant women and chemotherapy
patients. These medicinal properties contribute to ginger’s reputation as a natural remedy and help explain the
growing scientific interest in its potential health benefits. Nevertheless, these bioactivities also raise important
questions regarding its mechanisms of action and the boundaries of safe consumption (Belgacem et al., 2016). This
study aimed to evaluate the effects of ginger extract on the expression of neurogenic genes—NeuroD, Ngnl, and
Shh—in zebrafish (Danio rerio) embryos.

Materials and Methods: A sample of ginger was purchased from Barij Essence Company (Tehran, Iran). After
authentication and registration in the herbarium of the Faculty of Pharmacy, Islamic Azad University, Tehran
(voucher code: 621-PMP/A), the plant material was prepared for extraction (Ferri-Lagneau et al., 2012). Adult
zebrafish were obtained from the Faculty of Veterinary Medicine, University of Tehran, and maintained under
standard laboratory conditions at 28.5 °C with a 14 h light/10 h dark photoperiod. Natural spawning was allowed,
and embryos were cultured in embryo (Modarresi Chahardehi ef al., 2020). For histological analysis, embryos treated
with different concentrations were fixed in 4% paraformaldehyde, embedded in paraffin, sectioned at 5 um, and
stained with H&E. Sections were examined under a light microscope (Fan ef al., 2010). Brains of embryos treated
with LC50 and a lower concentration were dissected, and RNA was extracted. cDNA synthesis was performed using
the Pars Tous cDNA synthesis kit (Mashhad, Iran). cDNA quality was verified by conventional PCR amplification of
the GAPDH reference gene, and products were visualized on agarose gel. Expression levels of NeuroD, Ngni, and
Shh were analyzed by quantitative Real-Time PCR using SYBR Green chemistry on a Rotor-Gene Q system in a
final reaction volume of 20 puL (Fan et al., 2010). Primers were designed using Primer3Plus software. Statistical
analyses were performed using GraphPad Prism software (version 7.0). One-way ANOVA, Dunnett’s test, and
independent t-tests were applied, and p < 0.05 was considered statistically significant (Fan et al., 2010).

Results: The results showed that ginger extract induced a significant, dose- and time-dependent increase in zebrafish
embryo mortality (p<0.05). Notably, substantial mortality was observed even at concentrations below the LC50 (1.6
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pg/mL), with the highest mortality occurring at the LC50 itself (p<0.01). These findings indicate cumulative and
delayed effects of the extract on embryonic development. Also, the results indicated ginger extract exhibited altered
expression of key neurodevelopmental genes, particularly the transcription factors NeuroD and Neurogeninl (Ngnl),
which regulate neuronal differentiation, as well as the morphogen Sonic hedgehog (Shh), which is essential for
neural patterning. These gene expression changes occurred in embryos that were morphologically normal, indicating
that only subtle modifications in neurogenesis, rather than overt teratogenesis, had taken place. While no gross
malformations were observed at moderate concentrations of ginger extract, the altered expression of NeuroD/Ngnl
and Shh cannot be conclusively interpreted from zebrafish embryonic morphology alone. Nonetheless, the findings
suggest the possibility of slight delays or shifts in neural specification. Exposure to higher concentrations around the
LC50 (~1.6 pg/mL) caused a significant decrease in NeuroD, Ngnl, and Shh expression (p<0.05), demonstrating a
dose-dependent inhibitory effect on neurodevelopment. Histological analysis of zebrafish embryonic brains revealed
that the telencephalon, cerebellum, eyes, and gills in the control group appeared normal and free of malformations,
indicating healthy development and providing a baseline for comparison with treated groups. The telencephalon in
control embryos exhibited regularly arranged neurons and normal morphology, with no signs of tissue damage or
degeneration, reflecting intact neural tissue suitable for comparison with embryos treated with ginger extract.
Exposure of embryonic zebrafish brains to the LC50 dose of ginger extract induced histopathological alterations in
the cerebellum, eyes, and gills. These changes included reduced cell density, disorganized layering, and disrupted
tissue architecture. Severe neural damage in the telencephalon, including neuronal cell death and extensive
vacuolization, was observed at the LC50 dose, indicating cellular destruction and high-dose neurotoxicity, which
negatively affected neuronal differentiation and underscore the need for caution when using high doses. In contrast,
treatment with a sub-LC50 concentration of ginger extract did not adversely affect critical structures such as the
telencephalon, cerebellum, eyes, or gills. Tissue integrity was preserved, with no signs of extensive cell death or
severe vacuolization, suggesting relative safety at lower doses. Mild tissue death and vacuolization in the
telencephalon were noted at sub-LC50 doses; these changes appeared subtle and reversible, indicating limited
cellular effects without widespread tissue damage below the toxicity threshold.

Conclusion: Ginger extract appears safe at therapeutic doses but induces neurodevelopmental alterations at higher
concentrations. Considering potential side effects, maintaining appropriate dosing of herbal extracts during early
developmental stages is critical for medicinal purposes. The present study demonstrated that acute exposure to
concentrations ranging from low to high induced changes in gene expression, yet no embryonic malformations or
losses were observed. Furthermore, there were no indications of severe developmental damage at these exposure
levels, consistent with previous studies. This study provides new evidence that ginger extract can modulate
neurodevelopmental gene networks in vivo and calls for a more balanced perspective. The traditional and medical
applications of ginger are relatively well supported, and its impact on developmental biology deserves further
investigation. Such systematic inquiry will help ensure that recommendations for ginger use, particularly during
pregnancy and in relation to the brain and nervous system, are informed by both mechanistic data and clinical
experience.
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Figure 1: Mortality rate in zebrafish embryos after treatment at different concentrations
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Figure 2: Morphological phenotypes of zebrafish

embryos, A: 24 hours, B: 48 hours and C: 72 hours
after fertilization.
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Figure 3: Morphological phenotypes of zebrafish
embryos after treatment with ginger at LC50
concentration after 72 hours.
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Figure 4: A) Head section of zebrafish embryo in the control group showing the telencephalon of the brain (T)
and cerebellum (C) and eye (E), gills (G). B) Head section of the telencephalon of the brain in the control group
showing normal neurons (arrowheads). C) Head section of zebrafish in the LC50 group showing cerebellum (C)
and eye (E), gills (G). D) Head section of the telencephalon of the brain in the LC50 group showing neuronal
tissue death (white arrow) and severe vacuolation (black arrow). E) Head section of zebrafish embryo in the less

than LC50 group showing telencephalon of the brain (T), cerebellum (C), eye (E), and gills (G). F) Head section
of the telencephalon of the brain in the less than LC50 group showing mild neuronal tissue death (white

arrowhead) and mild vacuolation (black arrow).
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Figure 5. Bands from RNA extracted from a
number of the samples studied.
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Table 1: Quantification of RNA extracted using NanoDrop.

Row Sample Concentration (pg/ml) Olzsgil/gin.s)lty

1 A 178.253 2173

2 B 165.293 2.207

3 C 156.01 2619

4 D 124.01 2.466
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Figure 7: Amplification curve of NeuroD, Ngnl, =7 ;

and Shh genes in qPCR reaction
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Figure 8: Melting curve of NeuroD, Ngnl, and Shh
genes after qPCR reaction
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Figure 11: Changes in NeuroD gene expression at
different concentrations in control, below LC50 and
LC50 groups
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Figure 9: Changes in Shh gene expression under the

influence of treatment with different concentrations
in the control, less than LC50 and LC50 groups
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