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Abstract: Gestational diabetes mellitus (GDM) is closely related to oxidative stress
conditions in insulin resistance conditions that increase Reactive Oxygen
Species (ROS) against the body's defense antioxidant mechanism. Chronic
complications due to hyperglycemia in patients with GDM increase BAX / BCL2 levels
which then activates the change of procaspase 3 to caspase 3, an activator of
apoptosis. This study aims to determine the effect of the combination of Rosmarinus
officinalis and Centella asiatica nanoemulsions on caspase 3 expressions in zebrafish
models of gestational diabetes mellitus, with a posttest-only controlled group
design. The samples were divided into five groups, namely K- (EM), K+(EM+3%
Glucose), P1, P2 and P3 (3% Glucose + Combination of Rosmarinus officinalis and
Centella asiatica 2.5ug/ml, 5ug/ml and 10ug/ml), which will be tested for PEPCK and
Caspase expression at the age of 3dpf using Real Time-PCR. The results of the
correlation test of the group with caspase 3 obtained (p = 0.045) negative direction.
These results show that the combination of Rosmarinus officinalis and Centella
asiatica nanoemulsion decreased Caspase 3 expression in zebrafish models of
gestational diabetes mellitus. The combination of Rosmarinus officinalis and Centella
asiatica nanoemulsion has the potential to reduce blood glucose levels and reduce the
risk of apoptosis in gestational diabetes mellitus patients.

Keywords: Caspase 3; Centella asiatica; gestational diabetes mellitus;
nanoemulsion; Rosmarinus officinalis.

INTRODUCTION

The compensatory mechanism against pregnancy causes pancreatic 8 cells to
secrete more insulin to maintain the euglycemic condition. The occurrence of insulin
secretion insufficiency from pancreatic  cells that cannot adapt to maintain maternal
blood glucose homeostasis during pregnancy causes gestational diabetes mellitus
(Choudhury & Devi Rajeswari, 2021). The prevalence of diabetics in Indonesia ranks
sixth globally, with 10.3 million patients (Perkeni, 2021). Gestational diabetes mellitus
(GDM) is closely related to oxidative stress conditions that occur in insulin resistance
conditions that induce an increase in Reactive Oxygen Species (ROS) against the
body's defense antioxidant mechanism (Rueangdetnarong et al., 2018). Increased
ROS can directly impair cellular antioxidant protection (Newsholme et al., 2016).

Chronic complications due to hyperglycemia in patients with GDM produce
oxidative stress that can induce cell damage by various pathways, namely by
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increasing BAX/BCL2 levels which then activates the change of procaspase 3
to caspase 3, which is an activator of apoptosis (Rasoulian et al., 2019). Signal
apoptosis in GDM occurs intracellularly, disrupting mitochondria, thus releasing
cytochrome C as an electron carrier in mitochondrial oxidation phosphorylation from
the intermembrane. Cytochrome C binds to a cytoplasmic protein called Apaf-1,
activating an initiator of caspase-9in the cytoplasm, thus activating downstream
procaspase 3 to caspase 3 (Sari, 2018).

Hyperglycemia causes gluconeogenesis which stimulates the liver and kidneys,
increasing the secretion of the PEPCK enzyme to compensate for homeostatic
mechanisms. In very small organisms, such as zebrafish larvae that do not yet have
enough blood to analyze, it can be assessed by elevated levels of PEPCK.
Zebrafish (Danio rerio) is suitable as a model for diabetes research because
langerhans pancreas zebrafish contain $ cells to produce insulin which are
surrounded by a cells to produce glucagon, just like humans (Seth et al., 2013). The
process of fertilization of zebrafish occurs extrauterine. Age 2 hpf (hours post
fertilization) in zebrafish is the stage of embryogenesis. Making an environment with
high glucose conditions in zebrafish with exposure to glucose at the embryogenesis
stage causes hyperglycemia and represents gestational diabetes mellitus conditions
(Singh et al., 2019).

The drugs available today for diabetes therapy have various side effects if used
over a long period. In addition, treatment using insulin and chemical antidiabetic drugs
also requires relatively expensive costs (Rosmiati & Fernando, 2018). Improper
handling of hyperglycemia during pregnancy can have an impact on the condition of
the mother and fetal development, including a high risk of type 2 diabetes.

Rosmarinus officinalis contains carnosic acid polyphenols and rosmarinic acid,
which have been shown to have antidiabetic effects that can inhibit lipid peroxidation,
otherwise improving insulin sensitivity (Nieto et al., 2018). The content of triterpenoids
in Centella asiatica plants is known to reduce oxidative stress by improving the
enzymatic endogenous antioxidant system (Sun et al., 2021). The combination
of Rosmarinus officinalis and Centella asiatica extracts is expected to increase the
desired therapeutic effect through a synergistic mechanism (Rita, 2020). To increase
the efficacy of plant extract-based antidiabetic drugs, a nanoemulsion method is used
that may improve the effectiveness of plant extract products and reduce the number
of needs and side effects (Manocha et al., 2022). Nanoemulsions are proven to be a
good alternative option for improving drug efficacy and absorption, including increased
antidiabetic effects (Naseema et al., 2021). Previous studies have revealed the
benefits of herbal therapy for treating type 2 diabetes, but research on its use in GDM
is still limited (Keshavarzi & Golsheh, 2019).

Research is needed to study the synergism of active compounds by
administering a combination of Rosmarinus officinalis and Centella asiatica
nanoemulsions in reducing caspase 3 expression as an activator of apoptosis
triggered by gestational diabetes mellitus. This study aims to analyze the effect of the
combination of Rosmarinus officinalis and Centella Asiatica on caspase 3 expression
in a zebrafish (Danio rerio) model of gestational diabetes mellitus.

MATERIALS AND METHODS
Research Protocol

This type of research is a true experimental laboratory with a posttest-only
controlled group design research design. The procedure in this study has received
ethical approval from the Faculty of Medicine, Universitas Brawijaya, with Ethical
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Approval Letter No.50/EC/KEPK/03/2023. This research was conducted at the
Pharmacology Laboratory, Biomedical Central Laboratory, and Bioscience Laboratory
of Universitas Brawijaya.

The preparation of extracts of R. officinalis and C. asiatica starts with simplicial
R. officinalis and C. asiatica are crushed using a blender. Simplicia R. officinalis and
C asiatica were obtained from the Herbal Materia Medica Batu laboratory, Indonesia.
The refined Simplicia results were then taken as much as 300 grams each, which were
placed in a separate container and mixed with 3 liters of 96% ethanol, stirred for + 60
minutes with an overhead stirrer at 500 rpm, and left to settle for 24 hours. The top
layer of the R. officinalis and C. asiatica powder bath is removed and filtered using a
Buncher funnel, then evaporated using a rotary evaporator and heated at 80°C
temperature. The ethanol is allowed to separate by stirring. The ethanol is allowed to
separate with the active substance already present in the flask tube and waited until
the ethanol flow stops dripping on the holding flask, which takes + 1.5-2 hours. The
extraction results are then placed in a closed container and stored in a refrigerator at
4°C. The next step is to prepare the nanoemulsion combination, starting with taking 5
grams of Rosmarinus officinalis extract and 5 grams of Centella asiatica extract in
separate containers, mixed with surfactants PEG 400 (40%), Span 80 (11.56%), PEG
40 (32.07%) with 100 ml of soybean oil (16.37%) using an overhead stirrer speed of
1000 rpm at 40°C for 15 minutes. Once homogenized, 5 grams of R. officinalis and 5
grams of C. asiatica are added to the emulsion, stirred using an overhead stirrer at a
speed of 1000 rpm for 15 minutes at 40°C until homogenized, transferred to a sealed
bottle and stored in a refrigerator at a temperature of 4°C.

The study sample was zebrafish embryos aged 2 hpf (hour post-fertilization) to
3 dpf (day post-fertilization). The number of samples per well amounted to 30
embryos; 4 repetitions were taken using random sampling. The total sample was 600
zebrafish embryos that met the inclusion criteria; Transparent chorion without white
fibers was ascertained under an optimal microscope. The sample is divided into five
groups, consisting of; Negative control (K-) given embryonic medium (EM) 5 ml,
Positive control (K+) given EM 5 ml and 3% Glucose, Treatment 1 (P1) given EM 5 ml
and 3% Glucose and combination of R. officinalis and C. asiatica 2.5 pg/ml, Treatment
2 (P2) given EM 5 ml and 3% Glucose and combination of R. officinalis and C. asiatica
5 pyg/ml and Treatment 3 (P3) given EM 5 ml and 3% Glucose and combination of R.
officinalis and C. asiatica 10 pg/ml. Zebrafish embryos aged 2 hpf to 72 hpf were given
medium embryonic and 3% glucose replaced every 24 hours.
RNA Extraction

Each treatment group was then taken as many as 40 zebrafish embryos at the
age of 72 hpf. The sample is transferred to eppendorf, and centrifuged at a speed of
14000rpm, remove the liquid that is still present in the eppendorf was removed
properly, add 400 pl wash buffer in each eppendorf, homogenized with micropipette,
insert 4l 2-mercaptoethanol in each eppendorf vortex sample and transfer the sample
into the column filter to get pellets and continue centrifugation at 1000rpm for 30
seconds, transfer the supernatant in a new tube, then add 400 ul of 70% ethanol into
each tube, and transfer in spin column, centrifuge at a speed of 14,000-16,000 rpm
for 1 minute. Take the pellet formed, add W1 as much as 400ul, centrifuge at a speed
of 14,000 rpm for 30 seconds, remove the remaining liquid before adding wash buffer
that has been mixed with ethanol 600ul /tube, centrifuge again at a speed of 14,000
rpm for 30 seconds, remove the remaining liquid (this step is repeated two times). Dry
the spin column by centrifuge for 3 minutes, transfer the spin column in eppendorf,
add 50ul rinase free water, let stand for 2 minutes, and centrifuge again at 14.00 rpm
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for 1 minute. Measure the purity level of isolation by entering 2ul of RNA isolation
results in nanodrop spectrophotometry with purity levels used 1.8 to 2.0.
cDNA synthesis

Reacted gDNA by mixing 264 4x DNA master mix with 5.4 gDNA, adding
diacetylated water with a total volume of 10ul. Denaturation of the sample at 65°C for
5 minutes, then place on ice. Add 20ul of gDNA reaction and 50ul of nuclease water
free, then incubate at 98°C for 5 min. Add 20ul 5x RT Mix Il, then centrifuge, incubate
at 37°C for 15 minutes, at 50°C for 5 minutes, then at 98°C for 5 minutes, and store
the sample at 4°C-20°C. The expression of PEPCK and caspase 3 was then examined
using real-time PCR. PEPCK expression was measured to determine the homeostatic
level that occurs as an effect of 3% glucose administration to create hyperglycemic
conditions in zebrafish models of gestational diabetes mellitus. Caspase 3 will be
investigated for potential apoptosis as a manifestation of hyperglycemia characterized
by increased expression of caspase 3.

The real-time PCR method is based on the following: The sample was placed
on ice, the primer was diluted to 100 pmol from a 100g preparation with nuclease-free
water, and 0.4ul of reverse and forward primer stocks were taken into the PCR tube
together. The sample was run together with the housekeeping gene, beta-actin, in the
following sequence: forward: 5'-CGA GCT GTC TTC CCA TCC A-3', reverse: 5-TCA
CCA ACG TAG CGT CTT TCT G-3', PEPCK in the following order: Forward: 5'-GAG
AAT TCT CAC ACA CGT GAG CAG T-3, reverse: 5'-GTA AAA GCT TTC CGC CAT
AAC ATC TCC AGC AGA A-3', and caspase 3 primer with the sequence forward: 5'-
TGC TCG AGG ATG CCA AGC CTC AAT CCC ATG CC-3, reverse: 5-TTC TCG
AGT TAA GGA GTG AAG TAC ATC TCT TTG GT-3', Then add 2x sensitive cyber
5ul, samples 0.5ul and 3.7pl water nuclease-free to give a total of 10ul, then close the
PCR tube, input into the Biorad CFX96 machine and run the PCR with the program:
Initial denaturation: 950C for 2 minutes, denaturation: 95°C for 5 seconds, annealing:
60°C for 30 seconds, extension: 72°C for 2 minutes, with cycle: 40.

Statistical Data Analysis

The results of PCR quantification were analyzed using SPSS 25.0 with a 95%
confidence level, starting with the prerequisite tests, namely the Shapiro-Wilk
normality test and Levene's homogeneity test. If the data are normal and
homogeneous, the parametric one-way ANOVA test will be performed between each
group (K-, K+, P1, P2 and P3) to determine the effect of the combination of
Rosmarinus officinalis and Centella asiatica nanoemulsions on PEPCK expression
and caspase 3 expressions in the zebrafish (Danio rerio) gestational diabetes mellitus
model, followed by posthoc LSD (Least Significant Difference) analysis to find out
which groups have meaningful differences and test correlations using Pearson.

RESULTS AND DISCUSSION

The results of PCR quantification are fold change values which are then carried
out parametric prerequisite tests using Shapiro Wilk for data normality tests and
Levens't test for homogeneity tests (Table 1), showing that the data obtained are
normally distributed and homogeneous with p values > 0.05 so that they can be
continued with One Way Anova parametric tests.

The highest PEPCK expression was in the positive control group, or those given
only medium embryonic and 3% glucose exposure of 3.05+0.27, and the lowest
PEPCK expression was in the P2 treatment group given medium embryonic, 3%
glucose exposure and a combination of R.officinalis & C.asiatica 5ug/ml
nanoemulsion of 0.54+0.49 (Table 2). PEPCK expression of the P1 treatment group
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given a combination of R. officinalis nanoemulsion and C. asiatica concentration of 2.5
pg/ml, an increase of 1.63 fold from the housekeeping gene with deviation standard
0.6. In the P2 treatment group with a combination of R. officinalis nanoemulsion and
C. asiatica concentration of 5 pg/ml, PEPCK expression increased 0.54 fold compared
to the housekeeping gene and deviation standard 0.49. In the P3 treatment group,
given the combined effect of R. officinalis and C. asiatica nanoemulsions, a
concentration of 10 pg/ml increased PEPCK expression 1.06 fold from the
housekeeping gene and 0.33 deviation standard. PEPCK expression was significantly
decreased by the combined administration of R. officinalis and C. asiatica
nanoemulsions compared to positive controls (Figure 1).

Table 1. Data Normality and Homogeneity Test Results

No Variable P-Value
Shapiro Wilk Levene’s test
1. PEPCK Expression 0,214 0,396
2. Caspase 3 0,658 0,156
Expression
Explanation Normally Homogeneous

The secretion of placental lactogen and prolactin hormones in pregnancy
causes 3 pancreas cells to experience hyperplasia, consequently elevating the need
for insulin. Gluconeogenesis in diabetic conditions triggers an increase in the enzyme
PEPCK in the kidneys and liver to maintain homeostatic balance. Zebrafish as a model
of gestational diabetes mellitus in this study, prepared using the 3% glucose
immersion method from 2 hpf to 72 hpf, showed an elevate in PEPCK expression in
the positive control group of 3.05 + 0.27 of the housekeeping gene (beta-actin) and
the positive control experienced an escalate in the multiple values of the negative
control. This is in line with research conducted by Khotimah et al. (2021), which
provided 3% glucose exposure in zebrafish embryos aged 2hpf to age 3dpf and
obtained an increase in PEPCK expression. In addition, Singh et al. (2019) also create
an environment with high glucose conditions through exposure to glucose at the
embryogenesis stage, resulting in hyperglycemia while representing gestational
diabetes mellitus conditions.
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Figure 1. PEPCK Expression in Zebrafish Models of Gestational Diabetes Mellitus.
K-: negative control, K+: positive control, P1: treatment 1 with a combination of
R. officinalis and C. asiatica 2.5ug/ml nanoemulsions, P2: treatment 2 with a
combination of R. officinalis and C. asiatica 5ug/ml nanoemulsions, P3: treatment
3 with a combination of R. officinalis and C. asiatica 10ug/ml nanoemulsions.
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One Way Anova parametric test of PEPCK expression (Table 1) showed that
the combination of R. officinalis and C. asiatica nanoemulsions in the P1, P2, and P3
treatment groups could significantly reduce PEPCK expression with a p-value of 0.001
(<0.05), followed by a Post Hoc test, it can be seen that positive controls have
significant differences with negative controls and treatment groups. Meanwhile,
between treatment groups P1, P2 and P3 did not show significant differences.

Table 2. PEPCK Expression of Zebrafish Model of Gestational Diabetes Mellitus

Treatment Mean+SD p-
One Way value
Anova
K- : (Embryonic Medium) 1,11+0,642
K+ : (Embryonic medium + Glucose 3%) 3,05+0.27°
P1: (Embryonic medium + Glucose 3% + Combination  1,63+0.602
nanoemulsion R.officinalis and C.asiatica 2.5ug/ml) 0,001

P2 : (Embryonic medium + Glucose 3% + Combination 0,54+0.492°
nanoemulsion R.officinalis and C.asiatica 5ug/ml)
P3: (Embryonic medium + Glucose 3% + Combination of  1,05+0.332
nanoemulsions R.officinalis and C.asiatica 10ug/ml)
If the mean+SD contains letters that indicate a significant difference (p<0.05), and if
there are the same letters, it means there is no significant difference (p>0.05)

The carnosol content of R. officinalis extracts downregulated glucogenesis
through the cyclic response of Adenosine Monophosphate (CAMP) to the PEPCK
promoter. In addition, carnosol compounds in R. officinalis can also suppress cCAMP-
mediated gene expression so that gluconeogenesis decreases (Bao et al., 2020) in
line with research conducted by Tuet al (2013), which showed thatR.
officinalis could have a significant effect with metformin therapy. R. officinalis affects
glucose metabolism, namely gluconeogenesis and glycogen levels and
induces glycolysis in cells. The content of rosmarinic acid, carnosol acid can inhibit
pangkreas lipase.

The antidiabetic effect resulting from C. asiatica plant extract is also known to
be comparable to the use of metformin drugs. Centella asiatica provides a protective
effect against oxidative stress through increased synthesis and antioxidant activity, so
it significantly provides a better alternative therapy for people with diabetes mellitus
(Masola et al., 2018). Centella asiatica has a high molecular weight of active
triterpenoids, so the absorption is low and difficult to pass through cell membrane
lipids. C.asiatica nanoemulsions can improve their effectiveness and absorption
(Jusril et al., 2022).

The essential content of R. officinalis is also known to have sensitive properties
to light, temperature, and oxidative reactions that can cause loss of quality and
pharmacological properties so that R. officinalis nanoemulsions thermodynamically
form small droplets, which can prevent the evaporation of components and increase
the solubility, absorption, and bioavailability of herbal compounds used (Martin-Pifiero
et al., 2019). The combination of R. officinalis and C. asiatica nanoemulsions can
trigger an increase in the encapsulation capacity of hydrophilic and lipophilic
molecules in one particle so that it has the potential to protect molecular compounds
expected from herbal extracts on an ongoing basis (Ding et al., 2017). This is also like
research conducted by Rita (2020), which states that combining C. asiatica and R.
officinalis can synergistically increase cell proliferation and migration in herbal therapy.
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The highest mean expression of caspase 3 (1.14 + 0.07) was obtained in the
positive control group or only embryonic medium and 3% glucose, and the lowest in
the P3 treatment group (0.70 + 0.18). However, there was no significant difference in
the average expression of caspase 3 from each treatment group, as indicated by a
significance value of 0.281 (Table 5.4). The multiples of caspase 3 expression in the
positive control group raised 1.14 fold from the housekeeping gene (beta-actin), and
positive control is higher than negative control. In the P1 treatment group, which
received a combination of R. officinalis and C. asiatica nanoemulsion at a
concentration of 2.5 pg/ml, caspase 3 expression promoted 0.95 fold from the
housekeeping gene with 0.22 deviation standard and was lower than the positive
control. In the P2 treatment group, with a combination of R. officinalis and C. asiatica
nanoemulsion at a concentration of 5ug/ml, caspase 3 expression from the
housekeeping gene marked up 0.85 fold and 0.41 deviation standard. In contrast,
caspase 3 expression from the positive control decreased. In the P3 treatment group,
which received a combination of R. officinalis and C. asiatica nanoemulsion at a
concentration of 10ug/ml, caspase-3 expression elevated by 0.71 fold from the
housekeeping gene with 0.18 deviation standard, conversely, the caspase-3
expression descend from the positive control (Figure 2).
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Figure 2. Caspase 3 Expression in Zebrafish Model of Gestational Diabetes Mellitus
K-: negative control, K+: positive control, P1: treatment 1 with a combination of
R. officinalis and C. asiatica 2.5ug/ml nanoemulsions, P2: treatment 2 with a
combination of R. officinalis and C. asiatica 5ug/ml nanoemulsions, P3: treatment
3 with a combination of R. officinalis and C. asiatica 10pg/ml nanoemulsions.

Table 3. Caspase Expression 3 Zebrafish Model of Gestational Diabetes Mellitus

Treatment Mean + SD p-
One Way value
Anova
K- : (Embryonic Medium) 1.00+0.972
K+ : (Embryonic medium + Glucose 3%) 1,14+0.07%
P1: (Embryonic medium + Glucose 3% + Combination 0,94+0.222
nanoemulsion R.officinalis and C.asiatica 2.5ug/ml) 0,281

P2 : (Embryonic medium + Glucose 3% + Combination 0,84+0.412
nanoemulsion R.officinalis and C.asiatica 5ug/ml)
P3: (Embryonic medium + Glucose 3% + Combination of 0,70+0.182
nanoemulsions R.officinalis and C.asiatica 10ug/ml)
If the mean£SD contains letters that indicate a significant difference (p<0.05), and if
there are the same letters, it means there is no significant difference (p>0.05).
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The results of the Anova parametric test (table 3) showed that combining R.
officinalis and C. asiatica nanoemulsions in the P1, P2 and P3 groups could decrease
caspase 3 expression with increasing nanoemulsions doses. However, there was no
statistically significant difference, with a p-value of 0.281 (>0.05).

Based on the Pearson correlation test between groups (Table 4) on PEPCK
expression, p-value = 0.149 (>0.05), with a negative direction, it can be concluded that
there is no significant correlation between the combination of R. officinalis and C.
asiatica nanoemulsions 2.5ug / ml, 5ug / ml and 10ug / ml on the decrease in PEPCK
expression in zebrafish models of gestational diabetes mellitus. In the correlation test
between groups on caspase 3 expression, p-value = 0.045 (<0.05), with a negative
direction, so it can be concluded that there is a significant correlation between the
combination of R.ofiicinalis nanoemulsion and C.asiatica 2.5ug/ml, 5ug/ml and
10ug/ml against the decline in caspase 3 expression in zebrafish gestational diabetes
mellitus model.

Table 4. Correlation Test of PEPCK and Caspase 3 Expression of Zebrafish Model
of Gestational Diabetes Mellitus

Correlation Pearson P- Information
Correlation  Value
Test
Group PEPCK -0,391 0,149 No correlation, negative
direction
Caspase 3 -0,523 0,045 The correlation is quite

meaningful, negative direction

Hyperglycemia in patients with GDM causes chronic complications caused by
oxidative stress, thus triggering cell damage by increasing BAX/BCI2 levels which can
activate procaspase 3 to caspase 3 as an activator of programmed cell death
(Rasoulian et al., 2019). Caspase is a proteolytic enzyme that has a role in the
mechanism of apoptosis. The pathogenesis of diabetes indicates the involvement of
caspase. Glucotoxins that occur due to hyperglycemia in diabetic conditions cause
apoptosis and necrosis in 3 pancreas cells, inhibiting insulin secretion. Manifestations
of cell dysfunction due to insulin resistance during pregnancy trigger a progressive risk
of type 2 diabetes mellitus after pregnancy ends (Plows et al., 2018).

Caspase 3 is responsible for chromatin condensation and DNA fragmentation.
The increase in caspase 3 fragment levels is a marker of stem cell differentiation that
causes intrinsic and extrinsic apoptosis. Sun et al. (2021) stated that a correlation
exists between increased caspase expression due to reduced cell mass 3 pancreas
and mitochondrial dysregulation due to caspase 3 activation mediated by an increase
in Reactive Oxygen Species.

Based on the results of the analysis of the multiple expression of caspase 3 as
an activator of apoptosis in the treatment group (P1, P2, and P3), a combination of R.
officinalis and C. asiatica nanoemulsions, a concentration of 2.5ug / ml is an effective
dose, because it can down-regulated the expression of caspase 3 from positive
controls, close to negative controls. Although in the P2 treatment group with a dose of
5ug/ml and the P3 treatment group with a dose of 10ug/ml, it was found that the
expression of caspase 3 also decreased from the positive control, the impact was also
seen in a significant decrease in PEPCK expression in the P2 and P3 treatment groups
compared to the negative control group. Thus it can be assumed that the decrease in
caspase 3 with concentrations of 5ug/ml and 10 pg/ml also decreased the expression
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of PEPCK 2 times smaller than the negative control. This has an impact on increasing
the production of pancreas glucagon, which is hypoglycemia, which is also an
imbalance of mechanisms in the body. The body needs glucose as an energy source
for the formation of genetic components such as ribonucleic acid (RNA) and
deoxyribonucleic acid (DNA), the main source of protein formation (Chen & Lu, 2011).
In addition, erythrocytes also need glucose to produce bisphosphoglycerate to release
oxygen to body tissues and ward off free radicals (Puiji, 2022).

In the P1 treatment group, a combination of R. officinalis and C. asiatica
nanoemulsions with a concentration of 2.5ug/ml was a lower dose preparation in the
research group. The low dose in this study significantly reduced the expression of
PEPCK, an enzyme that regulates gluconeogenesis. In addition, the expression of
caspase 3 can also be suppressed by administering a combination of R. officinalis and
C. asiatica nanoemulsions with a preparation of 2.5ug/ml. The advantage of herbal
therapeutic nanoemulsion preparations is that they can increase bioavailability so that
the therapeutic dose becomes smaller, as Baloch et al. (2019) showed in their
research that low concentrations of nanoemulsion preparations could increase
intracellular permeability by increasing lymphatic transport, reduce metabolism in the
gut because it is easily absorbed, and thus achieve the expected therapeutic target.

Secondary metabolic compounds contained in R. officinalis extract, especially
those containing flavonoids, alkaloids, tannins, and triterpenoids, are proven to have
the ability to transfer hydrogen ions to eliminate reactive free radicals to be stable
(Nabila et al., 2020). The flavonoid content in C. asiatica plants is proven to suppress
the development of diabetes by neutralizing free radicals due to unbalanced blood
glucose. Centella Asiatica also contains alkaloids that can inhibit glucose transport in
the blood, stimulate glycogen synthesis and inhibit glucose synthesis. Alkaloids can
also stimulate sympathetic nerves to secrete insulin through the process of
regeneration of damaged pancreas 3 cells (Maulida et al., 2019). Increased ROS in
hyperglycemia in gestational diabetes mellitus patients can be suppressed by giving
R. officinalis and C. asiatica, which contain phenolic and triterpenoid main compounds
that can bind free electrons so that they become non-reactive and stable (Nieto et al.,
2018).

This study was not preceded by a toxicity test on a combination preparation of
R. officinalis and C. asiatica nanoemulsions, so it needs to be developed in further
research to reduce bias due to exposure to treatment under hyperglycemic conditions
and the level of apoptosis of the measured expression.

CONCLUSION

The combination of Rosmarinus officinalis and Centella asiatica nanoemulsions
significantly decreased caspase 3 expression in the zebrafish (Danio rerio) gestational
diabetes mellitus model. Future studies need to examine the toxicity effect of the
dosage of Rosmarinus officinalis and Centella asiatica nanoemulsions used to reduce
the bias that occurs to increase caspase 3 expression due to oxidative stress triggered
by hyperglycemia.
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