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ABSTRACT 
 

Introduction. Gestational diabetes mellitus (GDM) is glucose intolerance in pregnancy due to 
reduced ability of pancreatic beta cells to produce insulin, causing oxidative stress that triggers 
various complications such as brain apoptosis to locomotor disorders and decreased head size 
which has an impact on mortality rates. Pharmacological treatment of GDM has side effects that 
risk affecting fetal development. Therefore, curcumin as a herbal medicine can be an option for 
GDM treatment because it can increase insulin sensitivity by activating the peroxisome 
proliferator-activated receptor-gamma (PPAR-gamma) receptor. Methods. Post Test Only 
Control Group Design was used in this experimental study which was tested on each research 
variable consisting of 25 zebrafish embryos divided into 5 treatment groups consisting of a 
negative control, a positive control exposed to 3% glucose, and a diabetic group given curcumin 
nanoemulsion with three different doses (0.3125 μg/ml, 0.625 μg/ml, 1.25 μg/ml). One Way 
ANOVA and Post Hoc Tukey tests were used to analyze the data from this study. Results. P value 
from One Way ANOVA test p=0.024 for brain apoptosis, p=0.00 for locomotor ability, p=0.04 for 
head size, and p=0.006 for mortality rate. Turkey Post Hoc test showed significant differences in 
the control and 3% glucose + 0.625 µg/ml curcumin nanoemulsion groups (p<0.05). Conclusion. 
Curcumin nanoemulsion therapy has an effect on decreasing brain apoptosis, increasing 
locomotor, inhibiting the decrease in head size, and decreasing the mortality rate in zebrafish 
with gestational diabetes. The most effective dose of curcumin nanoemulsion is 0.625 µg/ml. 
 

1. Introduction 
Gestational diabetes mellitus (GDM) is a glucose 

intolerance disorder caused by a decrease in the 
ability of the beta pancreas to secrete insulin and is 
found in pregnant women who have never been 
diagnosed with diabetes and show high glucose levels 
during pregnancy.1 According to the International 
Diabetes Federation (IDF) in 2021, hyperglycemia in 
pregnancy affects 16.7% of all pregnancies 
worldwide, with 80.3% of them caused by gestational 
diabetes mellitus with the highest incidence in Asia 
and the Pacific Islands at 24.2%.2,3 The prevalence of 
DMG in Indonesia according to WHO of 1.9% -3.6%. 
Meanwhile, of all pregnancies that occur 1-14% 
experience DMG and those that are not diagnosed 
range from 10-25%. According to estimates, 3-5% of 
135,000 pregnant women experience DMG each year. 
If not managed properly, this condition can increase 

the risk of perinatal complications and metabolic 
diseases in mothers and children.1 

GDM is usually diagnosed when entering the 
second trimester of pregnancy or more than 20 weeks 
of pregnancy, where at that time there is an increase 
in the hormones estrogen, progesterone, and human 
placental lactogen (HPL) which have the opposite 
effect to insulin.4 Uncontrolled increase in insulin 
resistance causes hyperglycemia during pregnancy 
which can cause oxidative stress that triggers cell 
apoptosis. High glucose levels can increase Reactive 
Oxygen Species (ROS) which can make cell and tissue 
antioxidants and the oxidative system unbalanced 
and can cause disruption of glucose homeostasis. This 
condition can trigger disruption of glucose transport 
metabolism through facilitated diffusion in the 
placenta and fetal brain, causing malformations in the 
brain during the organogenesis process.5  
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Hyperglycemia triggers oxidative stress, thereby 
reducing antioxidant enzymes.6 Mothers who 
experience hyperglycemia can be passed on to the 
fetus through placental transfer. Oxidative stress can 
damage cellular mechanisms and deoxyribonucleic 
acid (DNA) structures that induce cell apoptosis.7 
Hyperglycemia in the fetus due to DMG can cause 
growth disorders, apoptosis, congenital 
malformations, and fetal death.8 Exposure to high 
glucose can also reduce dopaminergic neuron activity 
and increase brain cell apoptosis, thereby 
contributing to decreased locomotory function.9 In 
addition, neurons that control muscles experience 
impaired signal transmission from nerves to muscles 
due to apoptosis, causing uncoordinated or weak 
movements, which are called hypotonia (floppy infant 
syndrome).10 

The main treatment for DMG patients can be done 
with insulin therapy. In addition to insulin, it can also 
be done with drugs such as metformin and glyburide. 
However, the safety of these two drugs is still not 
available because these drugs cross the placenta.11,12 
Therefore, other safer therapies are needed to 
prevent adverse effects on the fetus or long-term side 
effects due to continuous drug consumption.13 One of 
these other treatments is with herbal medicines such 
as curcumin or turmeric. Turmeric has antioxidant 
compounds in the form of natural flavonoids 
contained in curcumin. These flavonoids have various 
pharmacological functions including antidiabetic, 
anti-inflammatory, antioxidant, antiangiogenic, 
anticarcinogenic, antiapoptogenic, antimicrobial, and 
neuroprotective.14 Antidiabetic in curcumin can 
lower glucose levels and increase insulin sensitivity 
by repairing pancreatic beta cells.15 

However, it is known that curcumin has 
properties that are difficult to dissolve in water and 
have poor bioavailability in metabolic absorption.16 
Therefore, a revolution in the size of curcumin is 
needed to increase absorption in the body with micro 
or nano techniques. One of them is like a 
nanoemulsion that is finely dispersed in water or 
oil.17,18 

Diabetes research, an experimental animal model 
is needed to help determine the pathogenesis of the 
disease and drug development. One of the 
experimental animal models that is suitable for 
diabetes research studies is zebrafish. Zebrafish are 
vertebrates that have characteristics of endocrine 
gland function and cell metabolism similar to humans. 
In addition, there are other advantages of this fish, 
such as rapid growth, simple fish cultivation, embryos 
that develop outside their mothers, and transparent 
development processes.19 This can facilitate 
observation in determining the development of fish to 
assess the toxicity of teratogenicity of drug 
development. Thus, this fish model is very suitable for 
research on the effect of curcumin in diabetes.20 

Previous research by Ilham, 2018, it was stated 

that giving 5% glucose to zebrafish embryos can 
reduce the size of the larval head and increase the 
mortality of zebrafish larvae.21 In addition, from the 
research of Fathir, 2022, it was stated that there was 
a decrease in body length in embryos exposed to 3% 
glucose. And the results of the study stated that giving 
nanocurcumin at a dose of 1.25 µg/ml was effective in 
preventing a decrease in the body length of zebrafish 
larvae due to glucose exposure.22  

Based on the description above, it is possible that 
giving curcumin nanoemulsion has an effect on 
lowering blood glucose which can reduce brain 
apoptosis so that it can prevent congenital 
malformations, motor disabilities, and death due to 
gestational diabetes mellitus. Therefore, this study 
aims to evaluate the effect of giving curcumin 
nanoemulsion on brain cell development, movement, 
and mortality of zebrafish larvae (Danio rerio) with a 
gestational diabetes mellitus model. 

2. Methods 
This research used an experimental study with 

post test only control group design which was tested 
on each research variable consisting of 25 zebrafish 
embryos divided into 5 treatment groups. Zebrafish 
embryos aged 2 hours post fertilization (hpf) were 
induced with 3% glucose then given curcumin 
nanoemulsion doses of 0.3125 μg/ml; 0.625 μg/ml; 
1.25μg/ml. The doses were determined because in a 
previous study conducted by Iskandar (2022), doses 
of 2.5 μg/ml and 5 μg/ml were not optimal in 
providing therapeutic effects, causing toxic effects in 
test animals. A glucose concentration of 3% was 
chosen by the researchers because previous studies 
have shown that exposure to 3% glucose for 48 hours 
can produce zebrafish embryos with a model of 
gestational diabetes mellitus26,27.  

Brain Apoptosis 
Brain cell apoptosis was observed at 72 hpf using 

acridine orange staining and fluorescence 
microscopy. Head measurements were taken at 72 
hpf uses of an olympus microscope and measured 
through Image Raster 3 software. The light reflection, 
which appears as small green dots around the larva's 
head, is measured using freehand selection tools. 
After that, the average area can be seen in the analyze 
menu in the measure section. The number that 
appears shows the average area of apoptosis in the 
larva's brain in terms of cell density.  

Motility and Locomotor 
Measurement of zebrafish larval motility was 

carried out by touching the tail of the larva using the 
tip of a needle, then observing the larva's movement 
response to move away from the stimulus whether it 
was motile (+) or not motile (-). Locomotor 
measurements included the level of movement and 
activity of the larvae to move. After being stimulated 
at the tip of the tail using a needle, the movement of 
the larvae was observed for 1 minute on a 4x6 well 
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plate, each of which had been divided into 4 equal 
parts, then the number of lines that the larvae could 
pass through was calculated. After that, a comparison 
of motility and locomotory between the control group 
and the group of larvae that were treated was carried 
out.  

Head Size 
Observations of head size were carried out when 

the larvae were 72 hpf with the aid of an Olympus 
microscope and measured using Image Raster 3 
software by placing the larvae in a dorsal position and 
measuring the vertical diameter of the larva's head.  

Mortality Rate 
Mortality rate measurements were observed at 

48, 72, and 96 hpf with the mortality rate formula. The 
motility of zebrafish larvae was measured by 
touching the tail of the larva with the tip of a needle, 
then observing the larva's response to move away 
from the stimulus to determine whether it was motile 
(+) or immotile (-). 

The four studies have been registered in the 
research ethics number of the Faculty of Medicine, 
Brawijaya University with number 347/EC/KEPK-S1-
KB/10/2024 for motility and locomotor experience, 
368/EC/KEPK-S1-KB/10/2024 for head size 
experience, 361/EC/KEPK-S1-KB/10 /2024 for 
mortality rate experience, and 360/EC/ KEPK-S1-
KB/10/2024 for apoptosis brain experience.  

3. Results 
Effects on Motility and Locomotor 

 Zebrafish larva motility was measured by 
touching the larva's tail with a needle tip, then 
observing the larva's movement response to avoid 
the stimulus, whether motile (+) or non-motile (-). 
Locomotor measurement includes the level of 
movement and activity of the larva to change location. 
After stimulating the tip of the tail with a needle, the 
larva's movement was observed for 1 minute on a 4x6 
plate, where each well was divided into four equal 
parts by lines, and the number of lines the larva could 
traverse was counted. Subsequently, comparisons of 
motility and locomotor activity were made between 
the control group and the treated larva group. 

The results of motility observations showed that 
all samples in each treatment group exhibited 
positive motility (100%), indicating no differences in 
motility between groups (Table 1). The observed 
differences were in the type of larval movement after 

stimulation. Group K- exhibited strong movement, 
while group K+ exhibited weak movement. Groups P1 
and P2 showed strong movement, with P2 almost 
resembling the K-response. Meanwhile, group P3 
showed a weak movement response. Weak 
movement is defined as the larvae's response to 
stimulation by moving away from the stimulation 
point without the ability to swim actively. This also 
influenced the results of the larvae's locomotor 
calculations (Table 2). 

The P3 group data were not normally distributed 
(p<0.05), so the analysis used the Kruskal-Wallis test, 
which showed significant results (p=0.000), meaning 
that there were differences in the means between 
groups. This indicates that the administration of 
curcumin nanoemulsion affects the locomotor 
activity of zebrafish larvae with a gestational diabetes 
model. The Pairwise Comparison test showed that K+ 
was significantly different from K- (p=0.002), 
indicating a decrease in locomotor activity due to 3% 
glucose. There were no significant differences 
between K- and P1 (p=0.008) or K- and P2 (p=0.968), 
meaning that doses of 0.3125 and 0.625 µg/ml 
curcumin were able to restore locomotor function to 
near-normal levels. However, P3 was significantly 
different from K- (p=0.000), indicating that the 1.25 
µg/ml dose actually reduced locomotor ability. There 
was a significant difference between K+ and P2 
(p=0.002), indicating that the 0.625 µg/ml dose 
effectively improved locomotor function. Conversely, 
the 1.25 µg/ml dose (P3) did not differ significantly 
from K+ and showed lower values, indicating 
potential toxicity despite not being statistically 
significant. The low insulin levels in P3 support the 
hypothesis of high-dose toxicity. 

In contrast, Khotimah et al. (2022), stated that the 
1.25 µg/ml dose is optimal for diabetes. This 
difference may be due to differences in the 
parameters assessed, namely cardiac function vs. 
locomotor function, which are influenced by different 
mechanisms. High doses may be cardioprotective but 
neurotoxic. Curcumin acts as an antioxidant by 
inhibiting pro-oxidant enzymes and increasing 
endogenous antioxidant enzymes such as SOD, 
catalase, and glutathione peroxidase. This protects 
motor neurons and pancreatic cells from oxidative 
stress, maintains insulin production, and enhances 
glucose and ATP metabolism, ultimately improving 
the locomotor ability of larvae. 

 Table 1. Effect on motility rate 
Group Motility (+/-) Percentage 

K- + 100% 
K+ + 100% 
P1 + 100% 
P2 + 100% 
P3 + 100% 

Note : K- = control group; K+ = 3% glucose group; P1 = 3% glucose group + curcumin nanoemulsion at a dose of 0.3125 µg/ml; P2 = 3% glucose group + 
curcumin nanoemulsion at a dose of 0.625 µg/ml; P3 = 3% glucose group + curcumin nanoemulsion at a dose of 1.25 µg/ml 
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Table 2. Effect on locomotion 
Group Mean ± SD 

K- 5,857 ± 2,410a 

K+ 1,000 ± 0,816b 

P1 1,428 ± 0,975ab 

P2 5,428 ± 1,618a 

P3 0,285 ± 0,487b 

Note: Letter notation indicates significance between groups; K- = control group; K+ = 3% glucose group; P1 = 3% glucose group + curcumin nanoemulsion at 
a dose of 0.3125 µg/ml; P2 = 3% glucose group + curcumin nanoemulsion at a dose of 0.625 µg/ml; P3 = 3% glucose group + curcumin nanoemulsion at a 
dose of 1.25 µg/ml 
 

Effect on Mortality Rate 
In this study, exposure was administered to 24 hpf 

zebrafish embryos. A total of 25 embryos were placed 
in a 48-well plate, with one embryo in each well. The 
treatment groups included a negative control, 3% 
glucose, and 3% glucose with the addition of 
curcumin nanoemulsion at doses of 0.3125 μg/ml, 
0.625 μg/ml, and 1.25 μg/ml. Exposure was 
maintained until 96 hpf, with mortality rates 
observed at 48, 72, and 96 hpf. 

Results showed that exposure to 3% glucose 
significantly increased mortality at all three 
observation times (p < 0.05) compared to the 
negative control. At 48 hpf, mortality increased in the 
groups with added curcumin at doses of 0.3125 μg/ml 
and 1.25 μg/ml. However, at 72 and 96 hpf, both 
doses significantly reduced mortality (p < 0.05). The 
0.625 μg/ml dose was not significantly different from 
the negative control but was significantly different 
from the positive control. 

At 96 hpf, all doses of curcumin nanoemulsion 
significantly reduced mortality compared to the 3% 
glucose group alone, indicating the potential of 
curcumin to mitigate the effects of glucose toxicity. 

Statistical analysis showed that the data at 72 and 
96 hpf met the criteria for one-way ANOVA, with 
significant results (p = 0.012 and p = 0.006). The 
Tukey HSD post hoc test showed significant 
differences between the positive and negative 
controls (p = 0.012 and p = 0.005), as well as between 
the positive control and the 0.625 μg/ml dose (p = 
0.034). However, at doses of 0.3125 μg/ml and 1.25 
μg/ml, the differences with the positive control were 
not significant. The highest mortality was found in the 
positive control group, while the 1.25 μg/ml dose 

tended to show higher mortality rates than lower 
doses. 

At 48 hpf, since the data did not meet the 
assumptions of normality and homogeneity, the 
Kruskal-Wallis test (p = 0.049) and Mann-Whitney 
test were used. The results showed that mortality in 
the glucose group and the two curcumin doses 
(0.3125 and 1.25 μg/ml) differed significantly from 
the control. However, no significant differences were 
found between the curcumin groups, indicating 
inconsistent effects at the early stage of observation. 

Effect on Head Size 
Based on the results of the study, the 

administration of 3% glucose to zebrafish embryos 
had an effect on the reduction in the size of the 
larvae's heads. The average head size in the control 
group (K-) was 0.490, while in the group exposed to 
3% glucose, it decreased to 0.384. Statistical analysis 
revealed a significant difference between the two 
groups (p = 0.003; p < 0.05). These findings are 
consistent with the research by Ilham (2018), which 
showed a reduction in larval head size due to 
exposure to 5% glucose, and Fathir (2022), who 
reported a reduction in larval body length at 3% 
glucose. 

The results of the normality test using Shapiro-
Wilk showed that the head size data were normally 
distributed (p = 0.118), and the results of Levene's 
homogeneity test showed homogeneous data 
distribution (p = 0.259). Since the assumptions were 
met, a One-Way ANOVA test was conducted, which 
showed a significant difference between groups (p = 
0.004), indicating the effect of curcumin 
nanoemulsion administration on the head size of 
zebrafish larvae in the gestational diabetes mellitus 
model. 

Table 3. Average effect of curcumin nanoemulsion exposure on zebrafish embryo mortality rate 

Exposure Mortality Rate (hpf) 
48  72  96  

K (+) 0%a 5%a 8%a 

K (-) 14%b 39%b 91%b 

P1 19%a 24%a 54%a 

P2 10%a 11%b 35%a 

P3 19%a 29%a 75%b 

Note: Letter notation indicates significance between groups; K- = control group; K+ = 3% glucose group; P1 = 3% glucose group + curcumin nanoemulsion at 
a dose of 0.3125 µg/ml; P2 = 3% glucose group + curcumin nanoemulsion at a dose of 0.625 µg/ml; P3 = 3% glucose group + curcumin nanoemulsion at a 
dose of 1.25 µg/ml. Different letters in the notation indicate significant differences (p < 0.05). The same letters indicate no significant differences (p > 0.05). 
hpf (hours post fertilization): the number of hours after fertilization occurred 
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Table 4. The Effect of glucose on larvae head size 
Group Larvae Head Size, Mean ± SD 

K- 0,490 mm ± 0,049 a 

K+ 0,384 mm ± 0,029 b 

P1 0,439 mm ± 0,033 ab 

P2 0,479 mm ± 0,060 a 

P3 0,444 mm ± 0,067 ab 

Note: Letter notation indicates significance between groups; K- = control group; K+ = 3% glucose group; P1 = 3% glucose group + curcumin nanoemulsion 
at a dose of 0.3125 µg/ml; P2 = 3% glucose group + curcumin nanoemulsion at a dose of 0.625 µg/ml; P3 = 3% glucose group + curcumin nanoemulsion at a 
dose of 1.25 µg/ml 

 
The Post Hoc Tukey test showed a significant 

difference between the control group and the 3% 
glucose group (p = 0.003), but no significant 
difference between the control group and the P1, P2, 
and P3 treatment groups. The 3% glucose group had 
a significant difference with the P2 group (p = 0.01), 
but no significant difference with P1 and P3. 

Overall, administration of curcumin 
nanoemulsion at all three doses was able to inhibit 
the reduction in head size caused by glucose 
exposure, with the 0.625 µg/ml dose showing the 
highest efficacy. Doses that are too low or too high 
tend to be less effective and may be toxic to 
embryonic development. 
Effect on apoptosis in the brain 

Zebrafish embryos aged 72 hpf were stained with 
acridine orange (Sigma-Aldrich) 5 μg/ml in the 
embryo medium for 1 hour under dark conditions. 
After that, the zebrafish embryos were rinsed with 
embryo medium five times and anesthetized before 
visualization. The fluorescence intensity of each 
zebrafish embryo will be quantified using the Image J 
program. Apoptosis in the brain will be indicated by 
the presence of light emission in the head region, 
suggesting neurotoxicity in the brain. 

After the samples were observed using a 
fluorescence microscope and photographed, the 
photos were analyzed using Image J and SPSS 30.0 
software, with a total of 25 photos. This study 
involved 5 treatment groups, each consisting of 5 
zebrafish embryos, with treatment administered 
from the embryonic stage and apoptosis analysis 
conducted at the 72 hpf larval stage . 

The observation results showed an increase in 
green fluorescence in the brain of the positive control 
group (3% glucose) compared to the negative control 
group (Figure 2). A decrease in fluorescence intensity 
approaching the negative control was observed in the 
glucose + nanoemulsion curcumin 0.3125 μg/ml and 
0.625 μg/ml groups. Meanwhile, in the 1.25 μg/ml 
dose group, the fluorescence intensity appeared 
higher than the two previous doses. 

The Shapiro-Wilk normality test indicated that the 
data were normally distributed. The homogeneity 
test was also met. One-way ANOVA analysis showed a 
significance value of 0.024 (p < 0.05), indicating a 
significant difference between groups. Post hoc tests 
showed that only groups 1 and 2 had significant 
differences (p < 0.05). 

 
Figure 1. The Effect of curcumin nanoemulsion administration on larvae size  

K- = control group; K+ = 3% glucose group; P1 = 3% glucose group + curcumin nanoemulsion at a dose of 0.3125 µg/ml; P2 = 3% glucose group + curcumin 
nanoemulsion at a dose of 0.625 µg/ml; P3 = 3% glucose group + curcumin nanoemulsion at a dose of 1.25 µg/ml 
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Figure 2. Results of observations on the brains of zebrafish larvae using a fluorescence microscope 

 

4. Discussion 
This study aimed to evaluate the impact of 3% 

glucose exposure on the development of zebrafish 
embryos and larvae as a model of gestational diabetes 
mellitus (GDM), and to explore the potential 
protection of curcumin nanoemulsions at various 
doses. Glucose exposure was shown to significantly 
increase the mortality rate of zebrafish embryos at 
48, 72, and 96 hours post fertilization (hpf) compared 
to the control group. This increase in mortality is 
thought to be caused by oxidative stress resulting 
from the accumulation of Reactive Oxygen Species 
(ROS), which disrupts cellular structures and triggers 
the apoptosis pathway through the activation of the 
Bax protein and a decrease in the Bcl-2/Bax ratio, to 
activating caspase-3.6,7 Furthermore, increased 
oxidative stress also has an impact on apoptosis in the 
central nervous system. The results showed that the 
amount of apoptosis in the brain of zebrafish larvae 
exposed to 3% glucose at 72 hpf increased drastically 
compared to the control. This correlates with 
impaired mitochondrial function and increased 
intrinsic apoptosis pathways due to ROS exposure.4 
Curcumin, as the main active compound in turmeric, 
is known to have strong antioxidant and anti-
inflammatory properties.16 Administration of 
curcumin nanoemulsion, especially at a dose of 0.625 
µg/mL, has been shown to significantly reduce the 
amount of apoptosis in the brain and the rate of 
embryonic mortality, indicating that curcumin is able 
to suppress ROS production, repair pancreatic β cells, 
and increase the expression of protective proteins 
such as HSP-70 and HO-1.7 

Not only does it affect the survival rate and 
apoptosis, hyperglycemia also affects the 

morphological development and neurological 
function of zebrafish larvae. One of the morphological 
manifestations found is a decrease in the size of the 
larval head (microcephaly), which is caused by 
oxidative stress during organogenesis.22 Oxidative 
stress can interfere with the expression of important 
genes such as PAX3 and increase the activation of P53, 
which ultimately triggers the mitochondrial 
apoptosis pathway through increased Bax and 
cytochrome C.22 This condition supports the finding 
that hyperglycemia is teratogenic to the development 
of the central nervous system. 

In terms of neurological function that can be 
observed from motoric, the results of motility and 
locomotor tests show that exposure to 3% glucose 
causes larvae to have weaker movements than the 
control group, although all larvae still show a 
response to stimulation. This is assumed to be the 
impact of motor neuron damage due to oxidative 
stress and apoptosis, which causes disruption of 
nerve impulse transmission to the muscles and 
reduces muscle contraction strength. Interestingly, 
administration of curcumin nanoemulsion at a dose of 
0.625 µg/mL successfully increased the locomotor 
ability of larvae, to the same level as the control 
group, proving its effectiveness in improving 
neuromuscular disorders. 

The highest dose of 1.25 µg/mL actually decreased 
locomotor ability and insulin levels, indicating a toxic 
effect on the nervous system. This shows that the 
effects of curcumin are dose-dependent and too high 
can actually have the opposite effect. This finding is 
different from several previous studies using 
turmeric extract in the form of nanoemulsion, which 
found that a dose of 1.25 µg/mL was the optimal 
dose.23,24 The difference in effects between turmeric 

NEGATIVE CONTROL 

POSITIVE CONTROL 
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extract nanoemulsion and curcumin nanoemulsion at 
a dose of 1.25 µg/mL may be caused by turmeric 
extract containing a mixture of bioactive compounds 
other than curcumin, such as demethoxycurcumin, 
bisdemethoxycurcumin, essential oils (turmerone), 
and other phenolic compounds, while curcumin 
nanoemulsion contains curcumin in a purer form, 
which can increase its bioavailability and 
pharmacological effects, but is also potentially more 
toxic at high doses.25 Polyphenols, including 
curcumin, have antioxidant activity, but at high doses 
they can actually be pro-oxidants, causing oxidative 
stress and triggering apoptosis (cell death) 16. High 
doses of curcumin affect the neuromuscular system of 
zebrafish larvae causing decreased motility and 
locomotory10. High doses of curcumin can cause an 
increase in reactive oxygen species (ROS) leading to 
mitochondrial dysfunction in muscle and nerve 
cells10. This can reduce the production of ATP needed 
for muscle contraction and motor activity, causing 
larvae to become weaker10. Curcumin in high doses 
can also interact with neurotransmitter receptors, 
such as GABA and glutamate receptors, which play a 
role in coordinating movement. If glutamate activity 
(excitatory) is disrupted or there is an increase in 
GABA (inhibitory), larvae can experience hypoactivity 
or decreased response to stimuli10. This may explain 
why a dose of 1.25 µg/mL is toxic, while a dose of 
0.625 µg/mL still provides a therapeutic effect. 

Overall, the results of this study indicate that 
exposure to 3% glucose causes impaired zebrafish 
embryo development through oxidative stress and 
apoptosis mechanisms, which affect embryo 
morphology, nerve function, and viability. 
Administration of curcumin nanoemulsion, especially 
at a dose of 0.625 µg/mL, provides significant 
protection against these damages through 
antioxidant, anti-inflammatory, and glucose 
metabolism improvement mechanisms, making it a 
potential candidate for supportive therapy in the 
DMG model25. However, high doses of curcumin 
should be avoided because they can trigger toxic 
effects on the nervous system and interfere with 
larval motor function16,25. From the results of this 
study, it is also hoped that there will be further 
research related to the TD50 and LD50 toxicity tests 
to determine the safety profile of curcumin 
nanoemulsion. This study also has limitations in the 
aspect of the molecular mechanism underlying the 
effects of curcumin nanoemulsion on brain cell 
development and locomotor function of zebrafish 
larvae in a gestational diabetes model. This study has 
not explored the expression of genes or proteins that 
play a role in the nervous system, oxidative stress, 
and relevant cellular signaling pathways. Further 
research is also needed regarding the mechanism of 
administration of curcumin nanoemulsion which can 
affect brain development, locomotor, and mortality of 
zebrafish with gestational diabetes mellitus models. 

In addition, further research is also needed regarding 
the effect of administering nanocurcumin in other 
dosage forms besides nanoemulsion on zebrafish 
with gestational diabetes mellitus models to compare 
their effectiveness as herbal medicines. 

5. Conclusion 
Based on the results of this study, the 

administration of curcumin nanoemulsion at an 
optimal dose of 0.625 μg/ml has been proven to have 
positive effects on zebrafish (Danio rerio) larvae and 
embryos with a gestational diabetes mellitus (GDM) 
model. The curcumin nanoemulsion was able to 
enhance larval locomotor activity without affecting 
motility, reduce embryo mortality rates, inhibit the 
reduction of head size in larvae, and decrease the 
level of apoptosis in embryonic brain tissue. 
Therefore, curcumin nanoemulsion at this dosage 
shows potential as an effective herbal therapeutic 
agent for gestational diabetes mellitus. 

However, to strengthen these findings and 
support the broader application of curcumin 
nanoemulsion, further studies are needed. These 
should include toxicity testing (TD50 and LD50) to 
determine its safety profile, as well as investigations 
into the molecular mechanisms underlying its effects 
on motility, locomotor activity, mortality, and brain 
development. Additional studies with a wider range 
of doses, particularly between 0.3125 μg/ml and 1.25 
μg/ml, are recommended to identify the minimum 
and maximum effective doses. Comparative research 
using different curcumin formulations beyond 
nanoemulsion is also necessary to evaluate relative 
effectiveness. Furthermore, quantitative analysis of 
glucose and curcumin metabolism, along with 
identification of the specific brain regions affected by 
apoptosis, would provide a deeper understanding of 
curcumin’s mechanism of action in the gestational 
diabetes mellitus model. 
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