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Abstract

Stunting is known as length for age below minus two standard deviations (<-2 SD) of the WHO Child Growth Standard
nutritional status. Several causes are identified, including exposure to pesticides (rotenone), which works by inhibiting
mitochondrial complex [ as an ATP-producing site and generate oxidative stress that affects glucose delivery and bone
elongation involving GLUT 1 and osteocalcin. Centella asiatica is a high antioxidant herbal plant with anti-inflammatory
properties. This study aimed to investigate the effect of Centella asiatica ethanolic extract on the rotenone-induced
stunting zebrafish (Danio rerio) larvae model through GLUT 1 and osteocalcin expressions. This study found that 12.5
ppb of rotenone can induce about 6 dpf (day post-fertilization) zebrafish larvae into stunting. The effect of Centella
asiatica ethanolic extract on increasing body length in stunting zebrafish larvae works by increasing the expression of
GLUT 1 and osteocalcin expressions. The correlation test showed a positive and strong relationship between this
ethanolic extract level with GLUT 1 and Osteocalcin expression. Thus, the Centella asiatica ethanolic extract effectively
promotes the body length by elevating the expression of GLUT 1 and osteocalcin in stunting zebrafish larvae.
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1. Introduction

Stunting is a condition where the child's height is too low based on the length for age or height for age, where the height
is below minus two standard deviations (<-2 SD) from WHO Child Growth Standard nutritional status [1]. According to
the Decree of the Minister of Health of Indonesia, Number 1995/MENKES/SK/XI 1/2010 concerning Anthropometric
Standards for Assessment of Child Nutritional Status, there are 2 types of stunting, stunted (short) where the length <-
2 SD and severely stunted (very short) where the length <-3 SD. The incidence in Indonesia is the highest compared to
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other countries in Southeast Asia, around 37.2% in 2013, which has increased compared to 2010 and 2007. About 8
million Indonesian children (1 out of 3 children) experience stunting [2].

Genetic and environmental factors significantly affect the growth and development of children. Environmental factors
have two phases, prenatal and postnatal. The prenatal phase is influenced by maternal nutrition, stress, embryonic
anoxia, immunity, toxins or chemicals, and infections experienced by the mother during pregnancy. The postnatal phase
is caused by biological factors, the family's physical environment, psychosocial and customs that will affect growth and
development during the first two years [3-7]. Toxins and chronic malnutrition affect the occurrence of apoptosis, cell
proliferation, cell maturity, growth abnormalities, embryonic development [8].

Rotenone is a plant-based pesticide derived from tuba root (Derris elliptica) (rotenone 0.3-12%) and tephrosia leaf (5%
rotenone) [9] which is used for fishing in North America and agriculture as a fruit and vegetable insecticide [10].
Rotenone is used as an insecticide, pesticide, and piscicide [11]. Humans can be exposed to rotenone through
agricultural residues and consuming fish exposed to rotenone [12]. The mechanism of action of rotenone is to inhibit
mitochondrial complex I so that ATP production decreases [13,14], followed by high ROS causing the release of
cytochrome c and the activation of caspase 3, which causes apoptosis [15]. ATP is the result of processing glucose into
pyruvate, as a glucose transporter from outside into cells is GLUT 1 [16]. Failure of ATP formation affects muscle cells,
bone (Osteocalcin as a product of osteoblasts) cells nerves that require high energy, which will cause growth disorders
such as stunting if not fulfilled [17].

Reducing ROS is by using Centella asiatica antioxidants containing terpenoid [18]. This plant's active ingredients include
triterpenoids, asiaticoside, madecassoside, and Asiatic acid [19,20]. Besides, important roles were revealed as anti-
inflammatory, antioxidant, antiulcer, wound healing factor [21], anti-anxiety [22], and antidiabetic [23].

Zebrafish has been widely used as a research model for system pathology in humans [24]. The advantages of zebrafish
are rapid development, transparent embryo, and the genome is easy to manipulate, laying eggs with hundreds of
embryos, low maintenance [25], homologous to human genes 70% [26].

This research was the first to create a stunning model in zebrafish larvae induced with rotenone with a concentration
of 12.5 ppb and the second to determine the effect of giving Centella asiatica extract to the zebrafish stunting model
induced by rotenone through the expression of GLUT 1 and osteocalcin.

2. Material and methods

This research was a true experimental research design with a post-test control group design approach used zebrafish
embryos aged 2 hpf (hour post-fertilization) from the mating of selected adult zebrafish (transparent, not moldy, and
not white). This study was divided into 5 groups: Control group (given embryonic medium); Rotenone group (given
induction rotenone concentration of 12.5 ppb); Treatment group I (RP1) rotenone (12.5 pp) + Centella asiatica extract
concentration 1.25 pg/ml; Treatment group Il (RP2) rotenone (12.5 pp) + Centella asiatica extract concentration of 2.5
ng/ml; Treatment group III (RP3) rotenone (12.5 pp) + Centella asiatica extract concentration of 5 pg/ml. Exposure
started from 2 to 72 hpf, followed by body length development up to 9 dpf, then terminated.

Centella asiatica was obtained from UPT Materia Medika - Batu, Malang using the irrigated part (the part above the
ground) without stolons and roots [27]. Extraction was using the maceration method with 96% ethanol solvent [27].
The extraction results are in the form of a paste and diluted with normal saline, stored at 0 °C, carried out at the
Pharmacology Laboratory of Brawijaya University.

The body length of zebrafish larvae was carried out at 3, 6, 9 dpf using an Image Raster calibrated on a stereo microscope
connected to an Optilab viewer microscope. Body length was measured from the tip of the nose to the snout-fin [28].

Wholemount zebrafish larvae were observed using an Olympus CX21 microscope with 40x magnification, while the
images were taken using a Panasonic DMC-G6 Lumix camera. Calculation of color intensity with Integrated Density
using Image J.F

The body length and expression measurements were calculated for the mean and analyzed using SPSS version 22 with

the Independent t-test statistical test followed by ANOVA and LSD since the data were normally distributed and
homogeneous.

179



GSC Biological and Pharmaceutical Sciences, 2022, 19(03), 178-189

3. Results and discussion

The addition of Centella asiatica extract with 3 different concentrations gave different effects on zebrafish body length,
as shown in Table 1.

Table 1 Overview of zebrafish larval body length

Age (dpf) 3 6 9
Group C R RP1 RP2 |RP3 |C R RP1 |RP2 |RP3 |C R RP1 |RP2 |RP3
Picture

Height(mm) 3,37 (3,34 (3,34 |3,35 3,35 |3,62 |3,39 |3,41 |3,44 |3,49 (3,82 |3,6 |3,62 (3,65 |3,71

Mean + + + + + + + + + + + |z + + + +

SD 0,08 |0,10 |0,09 (0,08 |0,07 (0,11 (0,08 |0,09 (0,09 |0,12 |0,11 |0,11 (0,09 |0,12 |0,11

Note: C= control, R=rotenone, RP1= Rotenon + Centella asiatica extract concentration 1.25 pg/ml, RP2= Rotenon + Centella asiatica extract
concentration 2.5 pg/ml, RP3= Rotenon + Centella asiatica extract concentration 5 pg/ml.

The difference in body length in Table 1 can be illustrated by a graph of all groups' average body length growth.
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Figure 1 The growth of the average body length of zebrafish larvae in all groups

The rotenone group had the lowest growth line compared to the control group, and the rotenone + Centella asiatica
group had 3 different concentrations (Figure 1).

An exploratory study conducted from September 2016 to February 2017 found that a rotenone concentration of 12.5
ppb caused stunting. The occurrence of differences in body length between the control group and the rotenone group
in zebrafish larvae aged 6 dpf continued until the age of 9 dpf when the age of 6 dpf was analogous to 2 years old, and 9
dpf was analogous to 8 years [29].

Stunting is a condition experienced by children; they were born normally without any congenital abnormalities, but at
2 years, they experience a short body length due to symptoms of chronic undernutrition experienced[3]. Stunting is
different from cretinism; the stunting condition has a body length under the normal with proportional body and
height[30]; meanwhile, cretinism has a disproportionate body and height, less than normal [31]. Age 3 dpf in zebrafish
larvae in the control and rotenone groups showed nobody length difference. The ratio of head length to body length was
proportional, which was a prerequisite for stunting conditions that must be distinguished from cretinism.
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The difference in the size of the control group and the rotenone group at the age of 6 dpfand 9 dpf showed a significant
difference of >-2 SD according to the stunting condition at the age of 2 years affect the reproductive period [32].

Factors that cause stunting are multifactorial, environmental factors, and genetic factors are the main influences on
growth in the first 2 years of life [33]. Environmental factors that cause stunting are the presence of toxins, such as
exposure to pesticides [4]. Rotenone is a natural pesticide that can affect the body's system and trigger the formation of
oxidative stress [34]. Rotenone inhibits the mitochondrial Complex I as a site of ATP synthesis, resulting in decreased
ATP production in cells and increased ROS [35]. An increase in ROS affects cell proliferation, apoptosis, cell migration,
cell maturation and interferes with the growth process of bone elongation and growth and development during
pregnancy [8]. The body's metabolic processes require ATP [36]. The apoptosis caused by rotenone is characterized by
DNA fragmentation, the release of cytochrome C, and the presence of caspase activity 3 [37].

The prenatal period experiencing chronic malnutrition and inflammation can lead to IUGR (Intrauterine Growth
Retardation) and LBW (Low Birth Weight). In addition, the presence of inflammation in newborns also affects the first
thousand days of life, so it is also related to stunting growth [32]. Fatty is also caused by nutritional deficiencies,
including protein, energy, and Zn, affecting bone growth and development [38].

Figure 2 Expression of GLUT-1 in zebrafish larvae at the age of 9 dpf induced by rotenone and Centella asiatica at 3
different concentrations. Figure (A) depiction of IHC control group without rotenone induction; (B) Rotenone-induced
group; (C) Rotenone + Centella asiatica induced group with a concentration of 1.25 pg/ml; (D) The rotenone + Centella
asiatica group with a concentration of 2.5 pg/ml; (E) Rotenone + Centella asiatica group with a concentration of 5 pg/ml

GLUT-1 expression in zebrafish larvae was stained with IHC with DAB staining so that a yellowish-brown color
appeared, which would be observed on an Olympus microscope with a magnification of 40-100x.

The darkest brown color was the control group, and the faintest color was the rotenone group. After treatment with
Centella asiatica, the rotenone-induced group with a 5 pg/ml concentration had almost the same color density as the
control group.

Glucose Transporter 1 (GLUT-1) is any glucose transporter that transports glucose from outside the membrane into
cells found in the brain, placenta, muscle, and fat [39]. The brain, retina, and placenta are the organs most abundant in
GLUT-1 [40], but fat, liver, and muscle are the least [41]. GLUT-1 expression in zebrafish can be seen at 6 hpf (hour post-
fertilization) [42], whereas in humans, it begins to be expressed in the preimplantation period [43]. Glucose metabolism
is an essential requirement as an energy source for cell proliferation, which if not smooth, cell apoptosis can occur [44].

The presence of metabolism in the body is characterized by glucose carried by glucose transporters (GLUT) across the
plasma membrane from high concentrations to low concentrations. In mitochondria, Hexokinase (HK) phosphorylates
glucose to glucose-6-phosphate (G6P) via the glycolytic pathway, generating NADH, ATP, and pyruvate, or the pentose
phosphate (PPP) pathway. More ATP will be produced in the presence of sufficient oxygen [45]. The presence of
metabolism in the body is characterized by glucose carried by glucose transporters (GLUT) across the plasma
membrane from high concentrations to low concentrations. In mitochondria, Hexokinase (HK) phosphorylates glucose
to glucose-6-phosphate (G6P) via the glycolytic pathway, generating NADH, ATP, and pyruvate, or the pentose
phosphate (PPP) pathway. More ATP will be produced in the presence of sufficient oxygen [16]. Rotenone is a pesticide
whose function is to inhibit mitochondrial complex I so that ATP is not formed and increases oxidative stress [46].
Rotenone interferes with the endocrine system and the body's defense system and increases ROS [47]. Electron
transport in mitochondria is disrupted so that oxygen utilization is hindered, which has a role as a respiratory organism
resulting in cell death/apoptosis and then the organism's death if high doses of rotenone occur [48]. ROS's hypoxic state
activates AMP-activated protein kinase (AMPK) [49] and Tools for energy metabolism and cellular adaptation to ROS
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[50]. The condition of the lack of inhibition in mitochondrial complex I will reduce ROS so that cells will grow. The
inhibition in the mitochondrial Complex I can cause various diseases that affect growth disorders [51].

The study results in figure 2 show differences in GLUT-1 expression as seen from the integrated density value between
the control group and the rotenone group, where the rotenone group was lower than the control group. This condition
was caused by rotenone induction in zebrafish larvae. It is in line with the theory that ROS causes apoptosis, then cells
do not proliferate so that growth is inhibited and stunting occurs.
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Figure 3 Differences in Integrated Density Expression of GLUT-1 aged 9 dpf zebrafish larvae between the control and
treatment groups. Different letters show significant differences

The highest expression was in the control group, while the lowest was in the rotenone-induced group. The increase in
Glut-1 expression close to the control group was the RP3 group in the rotenone + Centella asiatica group with a 5 pg/ml
concentration.

The relationship between increasing the concentration of Centella asiatica and the expression of GLUT 1 through the
Pearson correlation statistical test showed p= 0.873. It means a very strong correlation between the higher the
concentration of Centella asiatica affected the increasing the expression of GLUT-1. The increase in GLUT 1 expression
strongly correlated with the increase in body length p= 0.739.

pr.

Figure 4 Osteocalcin expression at 9 dpf age of zebrafish larvae induced by rotenone and Centella asiatica at 3 different
concentrations. Figure (A) control group without rotenone induction; (B) Control group with rotenone; (C) The
rotenone + 1.25 pg/ml Centella asiatica; (D) The rotenone + 2.5 pg/ml Centella asiatica; (E) Rotenone + 5 ug/ml Centella
asiatica
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The color density shown in each group that looks the most concentrated was the control group, then the color density
increased in the treatment group along with the increase in Centella asiatica concentration. The difference in color
quantity in all treatment groups is illustrated in figure 4.

Osteocalcin is a protein found in the bone as a product of osteoblasts [51]. Osteocalcin in zebrafish begins to be
expressed at 48 hpf [52]. The 2-day-old embryo begins to be expressed in humans during pregnancy, which originates
from the maternal circulation [53].

ROS (Reactive oxygen species) contain oxygen molecules that, when in a state of overproduction in the absence of a
balance between antioxidants and pro-oxidants, will cause oxidative stress that causes inflammation [54]. ROS plays an
important role in osteoporosis by inhibiting osteoblast [55]. The emergence of oxidative stress can be influenced by
insulin/IGF-1, target rapamycin, sirtuins, and AMPK (AMP-activated protein kinase-dependent pathways). The factors
mentioned above have the same target, namely stem transcription factor O (FoXo), which has 4 members, where FoXo's
role is to maintain osteoblasts [56]. FoxOs are a defense against overproduction of ROS that causes bone disease [57].
Osteoblasts and osteoclasts carry out bone remodeling, and if there is no balance, abnormal bone resorption will occur
[58]. ROS produce H202 which can affect osteoclast differentiation, thereby increasing the number of osteoclasts and
bone resorption occurs. These conditions stimulate the expression of RANKL and TNF-a, which can damage cells
through the activation of ERK and NF-xf3 [59]. Increased osteoclastogenesis stimulates increased Oz anion resulting in
concurrent bone destruction [60].

The study results showed an increase in body length between the rotenone group and the rotenone + Centella asiatica
extract group starting at a concentration of 2.5 pg/ml at 9 dpf. A significant increase in body length occurred at a five
pg/ml, aged 6 dpf. From the analysis, it can be concluded that Centella asiatica extract can increase the body length of
zebrafish larvae induced by rotenone.

Centella asiatica has a cytoprotective effect by suppressing ROS by protecting the mitochondrial membrane through an
increase in VDAC [61]. Another study stated that this plant protects rotenone by protecting the mitochondrial
membrane potential, reducing apoptosis of dopaminergic neurons [27]. It also reduces oxidative stress by suppressing
fat peroxidation due to an increase in the H202 defense system in mice [62]. Wijayanti et al. (2016) proven that Centella
asiatica extract can reduce the expression of Bax and HSP60 in rotenone-induced stunting. Its triterpenoids and active
ingredients reduce ROS and prevent oxidative stress due to rotenone exposure [63]. Vitamin C in C. asiatica can inhibit
the production of cytochrome-c and caspase 3 [12]. Centella asiatica potentially prevents chronic inflammation in
stunting [18].

This study revealed that the addition of Centella asiatica extract could increase the expression of GLUT 1, which was
significantly different at a concentration of 2.5 pug/ml Centella asiatica. The most significant increase in GLUT 1
expression near the control was Centella asiatica at a 5 pg/ml. Based on the Pearson correlation analysis test in this
study between the concentration of Centella asiatica extract and an increase in GLUT 1 expression, there was a strong
positive correlation (0.873), which means the increasing concentration of Centella asiatica was followed by an increase
in GLUT 1 expression. Then the correlation test between increased GLUT 1 expression and increased body length also
had a strong correlation (0.739), which means an increase in GLUT 1 expression followed by an increase in body length
in zebrafish larvae.

Centella asiatica is rich in antioxidants in the leaves, stems, roots and can counteract ROS [64]. Its bioactive works as
antioxidants, including triterpenes, which have a pharmacological effect on wound healing [65]. The triterpene content
inhibits enzymes involved in glucose metabolism, prevents insulin resistance development, and normalizes plasma
glucose and insulin levels [66]. The presence of other constituents of gotu kola asiatic acid in large amounts can
normalize and enhance the glucose response through signal transduction of PI3K and AKT as a defense of glucose
homeostasis. [67].

The bioactive content of Centella asiatica affects GLUT 1, which is a glucose transporter for cell metabolism throughout
the body, especially for body length growth.

The highest expression data was in the control group, and the rotenone group was the group with the lowest expression.
The addition of Centella asiatica with increasing concentration affects the increase in osteocalcin expression. The
rotenone + Centella asiatica concentration 5 pg/ml experienced an increase in osteocalcin expression close to the
control group.
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The increase in the concentration of Centella asiatica could increase osteocalcin expression and had a strong
relationship after the Pearson correlation test with the results p= 0.671. It means that the increase in the Centella
asiatica concentration was followed by an increase in the osteocalcin expression. Meanwhile, the increase in osteocalcin
expression also had a strong relationship with the result p= 0.727, which means an increase in osteocalcin expression
could increase the body length of zebrafish larvae.
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Figure 5 The Integrated Density Expression of Osteocalcin aged 9 dpf zebrafish larvae in all groups. Different letters
show significant differences

Based on the analysis results of the One Way Anova test, the addition of Centella asiatica extracts together with rotenone
in zebrafish larvae from the age of 2 hpf (hour post-fertilization) to 3 dpf (day post-fertilization) showed that the
concentration of 2.5 ug/ml started to give a significant difference to increased osteocalcin expression. Then, the Pearson
correlation analysis test was carried out between the Centella asiatica extract and the increase in osteocalcin expression.
The result was a strong positive correlation (0.671), which means that the higher the concentration of Centella asiatica
was followed by the increase in osteocalcin expression. An increase in osteocalcin expression affects body length, as
proven by the correlation test between the two parameters, which has a strong positive correlation (0.727) which
means that an increase in osteocalcin expression is followed by an increase in body length in zebrafish larvae.

Osteocalcin, a protein in bone, is very influential on increasing body length, a product of osteoblasts [51]. Adequate
micronutrient and macronutrient nutrition greatly affects bone growth and development, which if not met will cause
growth disorders such as stunting due to lack of energy, Zn and protein, then rickets due to vitamin D deficiency,
abnormal bone growth due to deficiency of Cu, Zn, and Vitamin C [68].

Stunting among infants is caused by chronic inflammation in the womb and persists for the first 2 years of life [32].
Centella asiatica contains terpenoids (asiatic acid, madecassic acid, madecassoside, asiaticosside) which are active
ingredients that contain high antioxidants [69]. The Centella asiatica extraction carried out by Jamil et al. (2007)
explained that it contains sulfate, phosphate, calcium, potassium, iron, chloride, magnesium, and sodium. Another study
explains that 100 grams of Centella asiatica consist of 171 mg calcium and 32.51 mg zinc [70]. The calcium and zinc
content is essential for bone development, which affects the increase in body length.

The data above shows a strong correlation between the expression of GLUT 1 and osteocalcin. It means that the

osteocalcin expression followed an increase in GLUT-1 expression. The addition of Centella asiatica extract to both
expressions was stronger in GLUT-1 than osteocalcin.
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Through the Pearson correlation test, the results obtained that the correlation between GLUT-1 expression and
osteocalcin has a strong relationship (0.735), which means an increase in GLUT-1 expression followed by an increase
in osteocalcin expression.

The element of bone formation is the role of osteoblasts where the energy source is glucose, where the formation of
osteoblasts requires the largest glucose absorption in the body [71]. Osteoblasts are endocrine cells that produce
osteocalcin, which supports glucose homeostasis [72]. Osteocalcin is influenced by the process of energy expenditure,
glucose homeostasis, and male fertility [53]. The insulin-independent glucose transports from the outside into the cells
via the facilitating glucose transporter GLUT-1, whose expression precedes Runx2 during skeletogenesis. Increasing the
number of RUNX2 and differentiation of osteoblasts requires glucose by inhibiting AMPK activity, increasing osteocalcin
expression. The transcription factor RUNX2 is a major determinant of osteoblast differentiation [73].

Table 2 The increase in GLUT 1 and osteocalcin expression with a Pearson correlation test

GLUT-1 | Osteocalsin
GLUT-1 Pearson Correlation 1 0.735
Sig. (2-tailed) 0.002
N 25 25
Osteocalsin | Pearson Correlation 0.735 1
Sig. (2-tailed) 0.000
N 25 25

Thus, it is in line with the previous research that the increase in GLUT 1 expression is greater than the increase in
osteocalcin expression since GLUT 1 is a glucose transporter for cell metabolism, especially for osteocalcin formation.

4., Conclusion

In this study, it was shown that the rotenone treatment group and the Centella asiatica extract at a concentration of 1.25
ng/ml had not been able to give a significant effect on increasing body length. Adding Centella asiatica extract at 2.5
pg/ml can give a significant difference effect at 9 dpf. Meanwhile, Centella asiatica extracts at a 5 ug/ml concentration
at 6 dpf significantly increased body length. This is in line with research conducted by Ridlayanti et al. (2016) and
Wijayanti et al. (2016), giving Centella asiatica extract at 5 pg/ml can provide a significant difference in age of 9 dpf in
rotenone-induced zebrafish larvae.

Compliance with ethical standards

Acknowledgments

We present our gratitude to Prof. Dr. Mujohadi Ali., SpFk and Dr. Husnul Khotimah, S.Si. M.Kes for the great thought,
knowledge, guidance, support, advice and motivation during this research and journal writing.

Disclosure of conflict of interest

We warrant that the article is the Authors' original work and ensure no conflicts of interest to declare. All co-authors
have seen and agree with the contents of the manuscript and there is no financial interest to report. We certify that the
submission is not under review at any other publication.

Statement of ethical approval

The treatment on zebrafish embryos have fulfilled the ethical requirements for test organisms at the University of
Brawijaya, Malang, numbered 154/ EC/KEPK/04/2017.

185



GSC Biological and Pharmaceutical Sciences, 2022, 19(03), 178-189

References

[1]

[2]

World Health Organization. Global nutrition targets 2025: Stunting policy brief. No. WHO/NMH/NHD/14.3.
[Internet]. 2014. Available from:
https://apps.who.int/iris/bitstream/handle/10665/149019/WHO_N?sequence=1

Badan Penelitian dan Pengembangan Kesehatan Kementerian Kesehatan RI. Riset Kesehatan Dasar (RISKESDAS)
[Internet]. 2013. Available from:
http://labdata.litbang.kemkes.go.id/images/download/laporan/RKD/2013/Laporan_riskesdas_2013_final.pdf

Badham, ], & Sweet L. Stunting: an overview. Sight and Life [Internet]. 2010;3:40-7. Available from:
https://sightandlife.org/wp-content/uploads/2017/04/Sight-and-Life-Magazine-03-2010.pdf

Kolsteren P. The determinants of stunting: Can we regard the linear growth performance as a continuum of fetal
development?  Asia Pac ] Clin Nutr [Internet]. 1996;5(2):59-69.  Available from:
https://apjcn.nhri.org.tw/server/APJCN/5/2/59.pdf

Paudel R. Risk Factors for Stunting Among Children: A Community Based Case Control Study in Nepal. Kathmandu
Univ Med J. 2012;39(3):18-24.

Reinhardt K, Fanzo J. Addressing chronic malnutrition through multi-sectoral, sustainable approaches : a review
of the causes and consequences. Front Nutr. 2014;1(13):1-11.

Soetjiningsih. Tumbuh Kembang Anak. Jakarta: EGC; 2016.

Uauy R. Improving linear growth without excess body fat gain in women and children. Food Nutr Bull.
2013;34(2):259-62.

Kementerian Pertanian. Pestisida Nabati [Internet]. Pusat Penelitian dan Pengembangan Perkebunan; 2012.
Available from: https://adoc.pub/pusat-penelitian-dan-pengembangan-perkebunan.html

Held R, Herrington D, Holub H, Jones R, Representative AS, Kupel D, et al. Rotenone Review Advisory Committee
Final Report And Recommendations To The Arizona Game And Fish Department. Arizona; 2011.

Perrone, P., Laboratories, M., & Division H. Rotenone Detection in Surface and Ground Waters Rotenone Detection
in Surface and Ground Waters. 2011;(3):1-3.

Li N, Ragheb K, Lawler G, Sturgis ], Rajwa B, Melendez ]A, et al. Mitochondrial complex I inhibitor rotenone
induces apoptosis through enhancing mitochondrial reactive oxygen species production. | Biol Chem [Internet].
2003;278(10):8516-25. Available from: http://dx.doi.org/10.1074/jbc.M210432200

Krauss S, Zhang C, Lowell BB. THE MITOCHONDRIAL UNCOUPLING-PROTEIN HOMOLOGUES. Nat Rev Mol Cell
Biol [Internet]. 2005;6(3):248-61. Available from: https: //www.nature.com/articles/nrm1592

Turner L, Jacobson S, Shoemaker L. Risk Assessment for Piscicidal Formulations of Rotenone [Internet].
Lakewood,: Compliance Services International; 2007. 104 p. Available from:
https://wdfw.wa.gov/sites/default/files/sepa/2015/15008_risk_assessment.pdf

Cocco T, Pacelli C, Sgobbo P, Villani G. Control of OXPHOS efficiency by complex I in brain mitochondria. Neurobiol
Aging. 2009;30(August 2007):622-9.

Hammerman PS, Fox C], Thompson CB. Beginnings of a signal-transduction pathway for bioenergetic control of
cell survival. Elsevier. 2004;29(11):586-92.

Muscular Dystrophy Association. Fact about Mitochondrial Myopathies. Muscular Dystrophy Association Inc
[Internet]. 2011; Available from: https://staging.mda.org/sites/default/files/publications/Facts_MITO_P-
216.pdf

Zheng C, Qin L. Chemical components of Centella asiatica and their bioactivities. ] Chinese Integr Med.
2007;5(3):348-351.

Ling A. Marziah M, Tan S. Triterpenoids distribution in whole plant and callus cultures of Centella asiatica
accessions. Interdiscip approaches Nat Prod Res Proc 16th Natl Semin Nat Prod. 2001;

Ling APK. Triterpene Production in Centella asiatica (L.) Urban (Pegaga) Callus and Cell Suspension Cultures
[Internet]. Universiti Putra Malaysia; 2004. Available from:
https://www.researchgate.net/publication/277850508_Triterpene_Production_in_Centella_asiatica_L_Urban_P
egaga_Callus_and_Cell_Suspension_Cultures

186



[40]

[41]

[42]

[43]

GSC Biological and Pharmaceutical Sciences, 2022, 19(03), 178-189

Guo JS, Cheng CL, Koo MWL. Inhibitory Effects of Centella asiatica Water Extract and Asiaticoside on Inducible
Nitric Oxide Synthase During Gastric Ulcer Healing in Rats. Planta Med [Internet]. 2004;70(12):1150-4. Available
from: https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2004-835843

Rastogi RP, Mehrotra BN, Pastogi RP. Compendium of Indian medicinal plants. Cent Drug Res Institute. 1990;

Chauhan PK, Pandey IP, Dhatwalia VK. Evaluation of the Anti-diabetic Effect of Ethanolic and Methanolic Extracts
of Centella asiatica Leaves Extract on Alloxan Induced Diabetic Rats. 2010;4(1):27-30.

Hsu C, Wen Z, Lin C, Chakraborty C. The Zebrafish Model : Use in Studying Cellular Mechanisms for a Spectrum of
Clinical Disease Entities. Curr Neurovasc Res. 2007;4:111-20.

Sartika A, Oktarianita, Padila. Penyuluhan Terhadap Pengetahuan Remaja Tentang PKPR. ] Telenursing
[Internet]. 2021;Volume 3(Nomor 1):Halaman: 171-176. Available from:
https://doi.org/10.31539/joting.v3i1.2192

Howe K, Clark MD, Torroja CF, Torrance ], Muffato M, Collins JE, et al. The zebrafish reference genome sequence
and its relationship to the human genome. NIH Public Access. 2014;496(7446):498-503.

Khotimah H, B. Sumitro S, Ali MM, Widodo MA. Standarized Centella asiatica increased brain-derived neurotropic
factor and decreased. GSTF | Psychol. 2015;2(1):22-7.

Bogin B, Varela-silva MI. Leg Length , Body Proportion, and Health : A Review with a Note on Beauty. Int ] Environ
Res Public Health. 2010;7:1047-75.

Sorribes A. The ontogeny of sleep-wake cycles in zebrafish: a comparison to humans. Front Neural Circuits
[Internet]. 2013;7(November):1-13. Available from:
http://journal.frontiersin.org/article/10.3389/fncir.2013.00178/abstract

Picasso, Celis B. A Public Health Approach To Undernutrition In Children Under Five And Infants In Ethiopia : An
Overview. The University of Arizona. Copyright; 2022.

Syed S. lIodine and the “near” eradication of cretinism. Pediatrics. 2015;135(4):594-6.

Prendergast A], Humphrey JH. The stunting syndrome in developing countries. Paediatr Int Child Health.
2014;34(4):250-65.

Martorell R, Zongrone A. Intergenerational influences on child growth and undernutrition. Paediatr Perinat
Epidemiol. 2012;

Rahzani K, Malekirad AA, Zeraatpishe A, Hosseini N, Mohammad S, Seify R, et al. Anti-Oxidative Stress Activity of
Stachys lavandulifolia Aqueous Extract in Human. Vol. 14, CELL JOURNAL(Yakhteh). 2013.

Sherwood L, Pendit BU. Fisiologi Manusia Dari Sel ke Sistem [Internet]. 2nd ed. Jakarta: EGC; 2001. Available
from: http://laser.umm.ac.id/catalog-detail-copy/0619102/

Dimauro S, Schon EA. Mitochondrial Respiratory-Chain Diseases. N Engl ] Med. 2003;(348):2656-68.

Li N, Ragheb K, Lawler G, Sturgis ], Rajwa B, Melendez JA, et al. Mitochondrial complex I inhibitor rotenone
induces apoptosis through enhancing mitochondrial reactive oxygen species production. ] Biol Chem.
2003;278(10):8516-25.

Prentice A, Schoenmakers I, Laskey MA, De Bono S, Ginty F, Goldberg GR. Nutrition and bone growth and
development. Proc Nutr Soc [Internet]. 2006;65:348-60. Available from: https://doi.org/10.1079/PNS2006519

Davies SCFA, Baldwin SA, Lienhard GE. The blood-nerve barrier is rich in glucose transporter. ] Neurocytol.
1988;(17):173-8.

Flier JS, Kahn BB. Regulation of Glucose-Transporter Gene Expression In Vitro and In Vivo. Diabetes Care.
1990;13(6).

Flier JS, Mueckler M, McCall AL, Lodish and HF. Distribution of Glucose Transporter Messenger RNA Transcripts
in Tissues of Rat and Man. Rapid Publ. 1986;79:657-61.

Jensen PJ, Gitlin JD, Carayannopoulos MO. GLUT1 Deficiency Links Nutrient Availability and Apoptosis during
Embryonic  Development. ] Biol Chem [Internet]. 2006;281(19):13382-7. Available from:
http://dx.doi.org/10.1074/jbc.M601881200

Hogan A, Heyner S, Charron M], Copeland NG, Gilbert D], Jenkins NA, et al. Glucose transporter gene expression
in early mouse embryos. Vol. 113, Development. 1991.

187



GSC Biological and Pharmaceutical Sciences, 2022, 19(03), 178-189

Zhao Y, Wieman HL, Jacobs SR, Rathmell JC. Mechanisms and Methods in Glucose Metabolism and Cell Death. NIH
Public Access. 2008;6879(08):1-16.

Gatenby RA, Gillies R]. Why Do Cancers Have High Aerobic Glycolysis ? Nat Rev. 2004;4(November):1-9.

Sherer TB, Betarbet R, Testa CM, Seo BB, Richardson JR, Kim JH, et al. Mechanism of Toxicity in Rotenone Models
of Parkinson’ s Disease. ] Neurosci. 2003;23(34):10756-64.

Tebourbi O, Sakly M, Ben K. Molecular Mechanisms of Pesticide Toxicity. Stoytcheva DM, editor. Pesticides in the
Modern World - Pests Control and Pesticides Exposure and Toxicity Assessment. In Tech; 2011. 614 p.

States U, Agency EP. Reregistration Eligibility Decision for Rotenone. 2007.

Wu S, Wu Y, Wu T, Wei Y. Biochimica et Biophysica Acta Role of AMPK-mediated adaptive responses in human
cells with mitochondrial dysfunction to oxidative stress. Biochim Biophys Acta ] [Internet]. 2014;1840(4):1331-
44. Available from: http://dx.doi.org/10.1016/j.bbagen.2013.10.034

Fernandes R, Hosoya K-I, Pereira P. Reactive oxygen species downregulate glucose transport system in retinal
endothelial cells. ] Physiol Cell Physiol [Internet]. 2011;300:927-36. Available from: www.ajpcell.org

Zoch ML, Clemens TL, Riddle RC. New Insights into the Biology of Osteocalcin.

Gould GW, Holmant GD. The glucose transporter family : structure , function and tissue-specific expression.
Biochem ]. 1993;341:329-41.

Ferron M, Wei ], Yoshizawa T, Fattore A Del, Depinho RA, Teti A, et al. Insulin Signaling in Osteoblasts Integrates
Bone Remodeling and Energy Metabolism. Cell [Internet]. 2010;142(2):296-308. Available from:
http://dx.doi.org/10.1016/j.cell.2010.06.003

Valko M, Rhodes C], Moncol |, Izakovic M, Mazur M. Free radicals , metals and antioxidants in oxidative stress-
induced cancer. Chem Biol Interact. 2006;160:1-40.

Ziskoven C, Jager M, Zilkens C, Bloch W, Brixius K, Krauspe R. Oxidative stress in secondary osteoarthritis: from
cartilage destruction to clinical presentation? Orthop Rev (Pavia). 2010;

Kousteni S. FoxOs : Unifying Links Between Oxidative Stress and Skeletal Homeostasis. Springer. 2011;60-6.

Filaire E, Toumi H. Reactive oxygen species and exercise on bone metabolism: Friend or enemy ? Elsevier
Masson. 2012;79:341-6.

Almeida M, Han L, Martin-millan M, Brien CAO, Manolagas SC. Oxidative Stress Antagonizes Wnt Signaling in
Osteoblast Precursors by Diverting * -Catenin from T Cell Factor- to Forkhead Box O-mediated Transcription *
O. ] Lipid Res [Internet]. 2007;282(37):27298-305. Available from: http://dx.doi.org/10.1074 /jbc.M702811200

Manolagas SC, Introduction I, Stress O, Enzymatic A, Stress O, Properties A, et al. From Estrogen-Centric to Aging
and Oxidative Stress : A Revised Perspective of the Pathogenesis of Osteoporosis. Endocr Rev. 2010;31(3):266-
300.

Sheweita SA, Khoshhal KI. Calcium Metabolism and Oxidative Stress in Bone Fractures : Role of Antioxidants. Curr
Drug Metab. 2007;8:519-25.

Tewari D, Mukhopadhyay M, Nekkanti MS, Vallabhaneni S, Sahu G, Jetti SK, et al. Cytoprotective effect of Centella
asiatica is mediated through the modulation of mitochondrial voltage-dependent anion channel ( VDAC ) and
scavenging of free radicals. ] Funct Foods [Internet]. 2016;21:301-11. Available from:
http://dx.doi.org/10.1016/j.jff.2015.11.047

Hussin M, Abdul-hamid A, Mohamad S. Food Chemistry Protective effect of Centella asiatica extract and powder
on oxidative stress in rats. Food Chem. 2007;100:535-41.

Hashim P, Sidek H, Helan MHM, Sabery A, Palanisamy UD, Ilham M. Triterpene composition and bioactivities of
centella asiatica. Molecules. 2011;16(2):1310-22.

Zainol NA, S.C. Voo MRS, Aziz RA. Profiling of Centella asiatica ( L .) Urban extract. Malaysian ] Anal Sci.
2008;12(2):322-7.

Rahman M, Hossain S, Rahaman A, Fatima N, Nahar T, Uddin B. Antioxidant Activity of Centella asiatica ( Linn .)
Urban : Impact of Extraction Solvent Polarity. ] Pharmacogn Phytochem Antioxid. 2013;1(6):27-32.

Nazaruk ], Borzym-Kluczyk ¢ M. The role of triterpenes in the management of diabetes mellitus and its
complications.

188



GSC Biological and Pharmaceutical Sciences, 2022, 19(03), 178-189

Ramachandran V, Saravanan R. Glucose uptake through translocation and activation of GLUT4 in PI3K/Akt
signaling pathway by asiatic acid in diabetic rats.

Prentice A, Schoenmakers [, Ann Laskey M, de Bono S, Ginty F, Goldberg GR. Symposium on ‘Nutrition and health
in children and adolescents’ Session 1: Nutrition in growth and development Nutrition and bone growth and
development. Proc Nutr Soc [Internet]. 2006;65(04):348-60. Available from:
http://www.journals.cambridge.org/abstract_S0029665106005192

Orhan IE, Tareq M, Khan H. Centella asiatica (L.) Urban: From Traditional Medicine to Modern Medicine with
Neuroprotective Potential. 2012;2012.

EecL,Jnd T, Adjé F, Aml K, Af Y, Hf Y, et al. Determination of trace elements and antioxidant compounds contained
in the aqueous extract of leaves of Centella asiatica ( Apiacee ). Int ] Curr Res Acad Rev. 2014;2(6):67-73.

Wei ], Shimazu ], Pessin JE, Hinoi E, Makinistoglu MP, Maurizi A, et al. Glucose Uptake and Runx2 Synergize to
Orchestrate Article Glucose Uptake and Runx2 Synergize to Orchestrate Osteoblast Differentiation and Bone
Formation. Cell [Internet]. 2015;161(7):1576-91. Available from: http://dx.doi.org/10.1016/j.cell.2015.05.029

Lee NK, Sowa H, Hinoi E, Ferron M, Ahn ]D, Confavreux C, et al. Endocrine Regulation of Energy Metabolism by
the Skeleton. 2007;456-69.

Long F. Building strong bones: molecular regulation of the osteoblast lineage. Nat Publ Gr [Internet].
2012;13(1):27-38. Available from: http://dx.doi.org/10.1038/nrm3254

189



