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Abstract— Torbangun (Plectranthus amboinicus (Lour). Spreng) leaf is a herbaceous plant capable of increasing breast milk, although 
the mechanism of bioactive compounds on the molecular level remains relatively unknown. Therefore, this study aimed to evaluate the 
effect of torbangun leaf extract on the expression of genes associated with alveologenesis and the formation of milk protein, namely 
prolactin receptor (PRLR), glucocorticoid receptor (GR), signal transducer, as well as activator of transcription 5A (STAT5A) and β-
casein (CSN2). The result showed that the extract and fractions of torbangun leaf had IC50 values above 20 ug/ml against MCF-12A cells. 
Ethyl acetate fraction also enhanced the expression of gene GR, STAT5A, and CSN2. Water fraction of torbangun leaf enhanced 
expression of gene PRLR, GR, STAT5A, and CSN2. The bioactive compound was found to increase the expression of genes associated 
with proliferation, alveologenesis, and the formation of milk protein during gestation and lactation. 
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I. INTRODUCTION 
Torbangun (Plectranthus amboinicus (Lour). Spreng) is a 
herbaceous plant in the family of Lamiaceae. This plant has 
been widely consumed in Indonesia, particularly among 
Bataknese population to enhance breast milk production of 
nursing mothers and maternal health. The main contents of 
torbangun leaf include carvacrol, thymol, humelene, terpinene, 
undecanal, cymene, terpineol, caryophylene oxide, and salinene 
which can stimulate breast milk [1]. Previous studies in animal 
models and lactating mothers showed that torbangun leaf 
administration in food could increase milk production and 
prolactin hormone level [2], [3]. Furthermore, it can be 

developed as a galactogogue, a compound with the potential to 
initiate, maintain, or increase breast milk volume [4].  
Breast milk production is a complex process including various 
hormones that have been initiated since pregnancy. During 
pregnancy, the mammary gland undergoes major changes in 
preparation for lactation, which include cell maturation and 
alveologenesis. The Luminal epithelial cells in the lobules will 
differentiate into alveolar cells to produce milk [5]. Mammary 
gland epithelial cells also differentiate into lobuloalveolar under 
the influence of steroid and peptide hormones. Gland 
differentiation and breast milk production are mainly 
influenced by prolactin and glucocorticoid hormones, which 
bind to their receptors located on mammary gland epithelial 
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cells and activate the pathway associated with alveologenesis 
and milk protein formation. Prolactin and glucocorticoid are 
representative lactogenic hormones that activate the signal 
transducer and transcription 5 (STAT5) as well as 
glucocorticoid receptor (GR) pathways [6]. Prolactin receptor 
(PRLR)/STAT5 path is required for alveologenesis and milk 
protein gene expression [7]. Prolactin and PRLR play an 
important role in milk production [8]. During this process, 
prolactin will bind to PRLR in the mammary gland epithelial 
cells and activate janus kinase2 (Jak2). Subsequently, Jak2 
would phosphorylate transcription 5A (STAT5A) in the 
cytoplasm followed by STAT5A dimerization and translocation 
into the nucleus. This allows the activation of gene transcription 
related to lactation function. PRLR gene expression in the 
mammary gland increases during pregnancy and early lactation, 
followed by a decrease at the end of lactation period [9]. 
Previous studies showed that expression of PRLR and STAT5A 
in breast milk increased sharply until day-4 postpartum [10]. In 
the absence of PRLR, lactation would fail [11] due to the initial 
development of glucocorticoid modulates mammary gland 
[12]. GR is a transcription factor located in the cytoplasm. 
When bound to the ligand, the activated GR will translocate to 
the nucleus and bind to DNA, modulating the target gene. 
Furthermore, an activated GR can interact with activated 
STAT5A, forming complex molecules and cooperate to 
transcribe β-casein (CSN2) gene [13], which is a milk protein 
widely available in breast milk.The majority of galactogogue 
functions by enhancing prolactin production from the anterior 
pituitary gland. This enhancement is performed by suppressing 
hypothalamus to hinder the prolactin inhibitor factor and 
stimulate the hypothalamus during lactation [14]. Despite the 
significant potential, the mechanism of bioactive compounds in 
torbangun leaf in affecting breast milk production at the cellular 
level is still unknown. Therefore, this study aimed to evaluate 
the effect of torbangun leaf extract on the expression of genes 
associated with alveologenesis and the formation of milk 
protein, namely PRLR, GR, signal transducer, as well as 
STAT5A and β-casein (CSN2) 

 

II. MATERIAL AND METHODS 

A. Material  
All reagents used in this study were of analytical grade. 
Methanol, n-hexane, chloroform, ethyl acetate, H2SO4, HCl, 
ethanol, DMSO, Folin-Ciocalteu reagent, Na2CO3, CH3COOH, 
NaOH were from Merck (Germany). Dragendorff’s, Mayer’s, 
Wagner’s reagent, FeCl3, AlCl3, CH3COOK, gallic acid, 
quercetin, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) were obtained from Sigma-Aldrich 
(USA). MCF-12A cell line (ATCC CRL-10782) was purchased 
from ATCC (USA). Mammary epithelial cell growth medium 
(MEGM CC-3150) was obtained from Lonza (USA). 
Phosphate buffered saline	(PBS) and MTT were obtained from 
Sigma (USA). The RNeasy mini kit was purchased from 
Qiagen (Germany) and PCR master mix used was KAPA 

SYBR FAST Bio-Rad iCyclerTM One-Step qRT-PCR from 
Kapa Biosystem (USA).  

B. Extraction and Fractionation of Torbangun Leaf 
Torbangun leaf used in this study originated from Experimental 
Farm in Leuwikoppo IPB (Bogor Agricultural Institute), 
Dramaga, Bogor. The samples collected were identified by the 
Research Center for Biology, Indonesian Institute of Sciences 
(certificate was shown in supplementary). For the experiment, 
torbangun leaf was freeze-dried and produced into powder, 
which was extracted using 80% methanol solvent (1:20) with a 
sonicator (Branson) for 50 minutes. Filtration was conducted 
using Whatman 42 filter paper and the residue was re-extracted 
using 80% methanol. Subsequently, the filtrate obtained was 
combined and evaporated using a rotary vacuum evaporator 
(Buchi) at 40-50°C. Methanol extracts obtained were further 
dried using nitrogen gas. Partial methanol extracts were 
dissolved in water and fractionated using n-hexane solvent, 
chloroform, and ethyl acetate using a separating funnel. The 
fraction obtained was concentrated using a rotary vacuum 
evaporator and dried with nitrogen gas. Extraction and 
fractionation processes were performed 3 times. 

 
C. Qualitative Phytochemical Analysis  
 
Alkaloid test  
NH3 was added into torbangun leaf extract, dissolved, followed 
by mixing with 5 ml of CHCl3 and filtering through filter paper. 
Furthermore, 2 M H2SO4 was added into previously obtained 
filtrate and divided into 3 parts. Dragendroff, Mayer’s, and 
Wagner’s reagents were added to each part. Alkaloid presence 
was shown by color change of the sediments to orange (with 
Dragendroff), white (with Mayer), and brown (with Wagner). 
 
Flavonoid, tannin, and saponin tests 
Torbangun leaf extract was dissolved in distilled water, heated 
for 5 minutes, and filtered using filter paper. The filtrate was 
divided into 3 parts to test flavonoid, tannin, and saponin. Mg 
powder was added into the first filtrate, followed by 10 drops 
of HCl solution:ethanol (1:1) and 10 drops of amyl alcohol. The 
color change of the alcohol layer into orange showed flavonoid 
content. This was followed by adding 3 drops of FeCl3 into the 
second filtrate and tannin presence was indicated by a color 
change to dark green. The third filtrate was heated for 5 
minutes, shaken strongly, and evaluated for the formation of 
stable foams to show saponin content.  
 
Steroid and triterpenoid tests 
Torbangun leaf extract was added to 5 mL of hot ethanol and 
filtered with filter paper. The filtrate was heated until dry, added 
with 1 mL diethyl ether, and homogenized. A drop of 
concentrated H2SO4 was added, followed by a drop of 
anhydrous CH3COOH. The presence of steroid and 
triterpenoids was shown by a color change of the solution into 
green/blue or red/purple, respectively. 
Hydroquinone test 
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Torbangun leaf extract was dissolved in 5 mL of methanol, 
heated, and filtered using filter paper. Subsequently, 3 drops of 
10% NaOH were added to the filtrate. Hydroquinone presence 
was shown by a red color change in the solution.  
 
D. Determination of Total Phenol 
Total phenol in torbangun leaf extract was measured with Folin-
Ciocalteu colorimetric method according to Majd et al. [15] 
with slight modifications. A 200 μl extract was inserted into a 
reaction tube, added with 1 ml of 10% Folin-Ciocalteu solution, 
set for a minute, followed by 3 ml of Na2CO3, and vortexed. 
After being stored in a dark room at room temperature for 2 
hours, the absorbance was measured by UV-Vis 
spectrophotometer (UV-2450, Shimadzu) at a wavelength of 
760 nm. Total phenol was determined based on the gallic acid 
standard curve and expressed as mg of gallic acid equivalent 
per gram plant extract (mg GAE/g extract).  

 
E. Determination of Total Flavonoid 
Total flavonoid in torbangun leaf extract was colorimetrically 
measured by referring to Shah and Hosain’s [16] with slight 
modification. A 500 μl extract was inserted into a reaction tube, 
added with 100 μl of 10% AlCl3, 100 μl of 1 M CH3COOK, 4.3 
ml of distilled water, and vortexed. After being stored at room 
temperature for 30 minutes, the absorbance was measured by 
UV-Vis spectrophotometer (UV-2450, Shimadzu) at a 
wavelength of 415 nm. Total flavonoid was determined based 
on quercetin standard curve and expressed as mg of quercetin 
equivalent per gram plant extract (mg QE/g extract). 

 
F. Cell Viability Test 
Viability of MCF-12A cells treated with torbangun leaf extract 
was conducted using MTT assay. The extract was dissolved in 
mammary epithelial medium MEGM. A series of dilutions were 
conducted to obtain test solutions. Concentrations of the extract 
tested were 7.81, 15.63, 31.25, 62.5, 125, 250, 500, and 1,000 
µg/ml. A 100 µL of cell suspension in MEGM medium (with 5 
x 103 MCF-12A cell density) was inserted into each well of a 
96-well plate and incubated in an incubator at 37°C with 5% 
CO2 for 24 hours. The medium was removed and replaced with 
torbangun leaf extract solution, followed by incubation for 48 
hours. The medium was removed, washed using PBS, and 
added with 10 μl of MTT solution with 5.000 µg/ml in each 
well, and incubated for 4 hours. Viable cells reacted with MTT 
to form a purple-colored formazan. The existing medium was 
removed and added with 100 μl of 96% ethanol to dissolve the 
formazan. Absorbance values were read using a microplate 
reader (Biorad) at a wavelength of 595 nm. The percentage of 
viable cells was calculated by (A-C)/(B-C)* 100% formula 
where A, B, and C represented absorbance of samples (with 
torbangun leaf extract), control cells (without extract), and 
medium (without extracts and cells), respectively. Correlations 
between log concentration and the percentage of viable cells 
were used to calculate IC50 value, which indicated the potential 
cytotoxicity of the extract. 

G. Quantitative Real-Time PCR 
Approximately 3.9 x 106 MCF-12A cells were grown in a 6-
well plate, incubated at 37°C with 5% of CO2 for 24 hours. The 
medium was removed and immediately supplemented with the 
testing materials, which were n-hexane, chloroform, ethyl 
acetate, and water fractions of torbangun leaf with a 
concentration of 25 µg/ml. Samples were incubated for 4 hours 
and untreated cells were used as reference. The medium was 
removed, cells were washed with PBS, harvested using trypsin 
and further processed into cell pellets. 
RNA from MCF-12A cells were extracted using an RNeasy 
mini kit (QIAGEN) and the concentrations were measured with 
a NanoDrop 2000 spectrophotometer (Thermo Scientific). 
Genes evaluated in this study were PRLR, GR, signal 
transducer, and activator of STAT5A and CSN2 (primer 
sequences are listed in Supplementary Table 1). PCR master 
mix used was KAPA SYBR FAST Bio-Rad iCyclerTM One-
Step qRT-PCR. PCR was performed using a qRT-PCR machine 
(Biorad) in a reaction volume of 20 µl. The amount of RNA 
used per reaction was 15 ng. The PCR condition was as follows 
42°C, 5 minutes for reverse transcriptase activation, 95°C, 5 
minutes for reverse transcriptase inactivation, 35 cycles at a 
temperature of 95°C for 5 seconds (denaturation), and 55°C for 
30 seconds (annealing), except for β- casein where annealing 
temperature was 61°C. Ct values were normalized to 
housekeeping gene Glyceradehyde 3-Phosphate 
Dehydrogenase (GAPDH). Relative gene expression was 
calculated using ΔΔCt method and expressed as relative 
expression (in fold change). 
 
H. Statistical and Data Analysis 
SPSS was used to perform one-way Analysis of Variance 
(ANOVA) followed by paired Duncan test on the phenolic and 
flavonoid content data. The independent t-test was used for the 
evaluation of gene expression data, with P<0.05 considered 
significant. Pearson’s correlation test was performed to 
evaluate the correlation between phenolic compound in 
torbangun leaf extract and CSN2 expression. 

 

III. RESULT AND DISCUSSION 
A. Phytochemical 
Phytochemical content of torbangun leaf extract in Table 1 
showed the presence of flavonoid, tannin, saponin, and steroid, 
but did not contain alkaloid and quinone. These results were in 
line with Paramasivam et al. [17] showing major contents in 
torbangun leaf were flavonoid and tannin. Steroid contents were 
mostly found in n-hexane fraction followed by chloroform. 
High levels of tannin and flavonoid contents were found in 
ethyl acetate and water fractions. Previous reports showed 
flavonoid, saponin, and steroid were largely found compounds 
in galactogogue plants [18], [19], although tannin did not affect 
the fat and protein content of cow milk [20]. 
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TABLE 1 
PHYTOCHEMICAL TORBANGUN LEAF EXTRACT  

No Phytochemical n-Hexane 
fraction 

Chloroform 
fraction 

Ethyl 
acetate 
fraction 

Water 
fraction 

1 Alkaloid - - - - 
2 Flavonoid + ++ +++ +++ 
3 Tannin - + +++ +++ 
4 Saponin + - + ++ 
5 Steroid +++ ++ + + 
6 Triterpenoid - - + - 
7 Quinon - - - - 

+++ = High; ++ = middle; + = low; - = nothing 
 
Total phenol and flavonoid in torbangun leaf fraction are 
presented in Table 2. The highest phenolic content was found 
in ethyl acetate fraction (429.81 mg GAE/g extract) and the 
lowest was in n-hexane fraction (44.97 mg GAE/g extract). 
Total phenolic content in each fraction, from highest to lowest 
was as follows: ethyl acetate> water> methanol> chloroform> 
n-hexane. Specifically, phenolic contents in ethyl acetate 
fraction were 8 times higher than n-hexane fraction. This 
showed that phenolic contents present in torbangun leaf were 
mostly soluble in semi-polar solvent (ethyl acetate). Phenolic 
contents in torbangun leaf extract were carvacrol, syringic acid, 
thymol, and vanilin [21]. 

 
TABLE 2. 

TOTAL PHENOLIC AND FLAVONOID CONTENT OF 
TORBANGUN LEAF EXTRACT 

No Fraction Total Phenolic 
Content 

(mg GAE/g 
extract) 

Total Flavonoid 
Content 

(mg QE/g 
extract) 

1 n-Hexane fraction   44.97 ±   1.15 a 63.39 ± 5.10 a 
2 Chloroform 

fraction 
  65.95 ±   9.86 a 56.62 ± 4.19 a 

3 Ethyl acetate 
fraction 

429.81 ± 18.94 c 89.85 ± 3.55 c 

4 Water fraction  319.62 ±   4.10 b 48.82 ± 1.66 b 
The value is the means ±SEM (n=3); a,b, and c show significantly different 
results by duncan test, p<0.05 
 
The highest flavonoid contents were found in ethyl acetate 
fraction (89.85 ± 3.55 mg QE/g extract), while the lowest was 
in water fraction (48.82 ± 1.66 mg QE/g extract). Flavonoid 
contents in each fraction from the highest to the lowest were as 
follows ethyl acetate> n-hexane> methanol extract> 
chloroform> water. Total flavonoid in ethyl acetate fraction was 
2 times higher compared to water fraction. This suggested that 
flavonoid contents such as luteolin, myricetin, kaempferol, 
quercetin, and apigenin in torbangun leaf extract were highly 
soluble in ethyl acetate solvent. The characteristics of each 
solvent (polar, semi polar  and nonpolar) will affect its ability 
to extract the chemical components [22] . 
The highest flavonoid contents were found in ethyl acetate 
fraction (89.85 ± 3.55 mg QE/g extract), while the lowest was 

in water (48.82 ± 1.66 mg QE/g extract). Flavonoid contents in 
each fraction from the highest to the lowest were as follows 
ethyl acetate> n-hexane> methanol> chloroform> water. Total 
flavonoid in ethyl acetate fraction were 2 times higher 
compared to water. This showed that flavonoid contents in 
torbangun leaf extract were highly soluble in ethyl acetate 
solvent. Ethyl[23]. acetate can extract flavonoids from various 
kinds of spice plants Consumption of foods containing 
flavonoid causes flavonoid content in breast milk to increase 
[24] 

 
B. Toxicity 
MTT assay showed that extract concentration significantly 
affected viability of MCF-12A cells. At a low concentration of 
7.81 µg/ml, viability with all extracts was high. At a high 
concentration of 62.5 µg/ml, viable cells in n-hexane and 
chloroform fractions decreased to 36 and 38%, respectively. 
Meanwhile, in ethyl acetate and water fractions, the numbers 
were still above 80%. This result suggested that potentially 
toxic compounds in torbangun leaf were more extractable in n-
hexane solvent and chloroform, compared to using ethyl acetate 
and water. IC50 values of torbangun leaf extract fractions are 
presented in Fig 1. Based on IC50 values, the order of toxicity 
levels was n-hexane> chloroform> ethyl acetate. In water 
fraction, the use of high concentrations up to 1000 μg/ml 
produced viability of above 50%, which limited the calculation 
of IC50. According to U.S Cancer Institute, plant crude extract 
could be considered toxic when in vitro tests possessed IC50 
values with a concentration below 20 μg/mL. Based on the 
results, all fractions of torbangun leaf extract were safe and 
potentially non-toxic in mammary gland epithelial cells, at least 
in MCF-12A model. In vivo experiments in rat model showed 
that the aqua extract of torbangun leaf was non-toxic by acute 
and sub-acute toxicity tests [25].  

 

Fig 1. IC50 torbangun leaf extract on cell MCF-12A 
 
C. Expression of Lactation-related Genes  
This study was conducted to observe the effects of bioactive 
compounds in torbangun leaf extract on genes related to 
lactation regulation, at a cellular level using a human mammary 
gland epithelial cell line. Prolactin and GR mRNA expression 
were examined, as both are major hormones included in 
alveologenesis process and milk protein formation during 

0

50

100

150

200

250

300

n-Hexane
fraction

Chloroform
fraction

Ethyl	acetate
fraction

IC
50
	(µ
g/
m
l)



Indonesian Food Science and Technology Journal      
IFSTJ : Vol 8 No 1, December 2024 (PP: 52-59) 

ISSN  : 2615-367X 

56 | T a f z i ,  e t  a l  ( 2 0 2 4 )  
 

lactation. Ethyl acetate and water fractions were used due to 
their high IC50 values. The result showed that water fraction of 
torbangun leaf extract produced greater expression of PRLR by 
1.5 times higher than the control, while this was not found with 
the treatment of ethyl acetate fraction (Fig 2). Prolactin and 
PRLR play an important role in the process of milk synthesis, 
with increased levels of mRNA and protein PRLR leading to 
higher milk yield [26]. However, rats lacking PRLR showed a 
formation of alveoli structures with small lumen. PRLR mRNA 
expression is known to increase in the mammary gland of 
pregnant experimental animals [27] and during lactation[9]. 
The interaction between prolactin and PRLR in lactation 
process is only determined by the number of PRLR [28]. In this 
study, increased expression of PRLR was relatively similar to 
MCF-12A cells treated with 0.1 μg/ml prolactin hormones [29]. 
Based on the results, bioactive compounds in torbangun leaf 
extract showed potential to have a similar effect to prolactin 
hormone in mammary gland epithelial cells. Moreover, 
extraction of bioactive compounds could use water and ethyl 
acetate which produced better results. 

 
 

 

Fig 2. Effect of torbangun leaf extract (25 µg/ml; incubation 4 hours) 
on the expression of mRNA PRLR (A), GR (B), and STAT5A (C) in 
human MCF-12A cell line, compared to control (untreated cells, as 

reference). The value is the means ±SEM (n=3). * indicate 
significantly different results by t-test, p<0.05. 

 
Water and ethyl acetate fractions of torbangun leaf increased 
GR mRNA expression by 1.7 and 1.3-fold respectively, relative 
to control (Fig 3). GR is required for cell proliferation during 
lobuloalveolar development without influencing differentiation 
and milk production. The amount of GR increases during 
pregnancy peaks at parturition and will remain high in lactation, 
until mammary gland involution at weaning [30].  
 

 

 

 
Fig 3. Effect of torbangun leaf extracts (25 µg/ml; incubation 4 

hours) A) and (50 µg/ml; incubation72 hours) B) on the expression of 
mRNA CSN2 in human MCF-12a cell line, compared to control 

(untreated cells, as reference). The value is the means ±SEM (n=3). 
 

In addition to prolactin hormone receptors and glucocorticoid, 
this study also evaluated STAT5A and CSN2 expression. Ethyl 
acetate and water fractions increased STAT5A expression (Figs 
2 and 3) by 1.4-fold and 2-fold, respectively. STAT5A is a gene 
that plays an important role in cell proliferation, increasing 
differentiation, and forming milk protein. The pathway Jak2 
and STATs genes play an essential role in milk production [31], 
[32]. STAT5A expression increased by 2.5-fold during the first 
72 hours after birth [10] and affects alveologenesis processes in 
the mammary gland epithelial cells. Without STAT5A, the 
number of luminal progenitors is significantly reduced, along 
with ductal growth that lacks alveoli formation during 
pregnancy. In previous reports, rats without STAT5A had lower 
alveolar numbers by 50%, and gene expression of whey acidic 
protein (WAP) and α-lactalbumin (LALBA) reduced by 32 and 
23%, respectively [33]. The increase of STAT5A in this study 
was a similar response to the effect of prolactin hormone on 
STAT5A mRNA expression found in previous reports. The 
results showed that administration of 1 μg/ml of prolactin 
hormone and 1 μg/ml of hydrocortisone in HC-11 cells 
increased STAT5A mRNA expression by approximately 3.5-
fold in 4 hours [34]. The administration of 1 μg/ml of prolactin 
hormone in MCF-12A cells also increased phosphorylated 
STAT5A protein [29]. STAT5A could be activated through 
PRLR, as well as growth hormone receptor (GHR) and 
epidermal growth factor receptor (EGFR). However, GHR and 
EGFR in epithelial cells were not needed for alveolar 
development and formation in the mammary gland. Signaling 
through PRLR and STAT5A are essential factors in milk 
production [35].  
Administration of torbangun leaf extract with a concentration 
of 25 μg/ml and 4-hour-long incubation time showed relatively 
no effect on CSN2 mRNA expression (Fig 3A). However, with 
a concentration of 50 μg/ml and 72-hour-long incubation time, 
ethyl acetate and water fractions increased CSN2 expression by 
3.9-fold and 1.5-fold, respectively (Fig 3B). The concentration 
of the extract influenced the increase in CSN2 mRNA 
expression. The effect of torbangun leaf extract on CSN2 
mRNA expression in this study was in line with the results in 
MCF-12A cells treated with 0.1 µg/ml prolactin hormone. 
Meanwhile, expressions of CSN2 mRNA and CSN2 protein 
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increased by 2-fold on day 7 [29]. CSN2 expression is regulated 
by lactogenic hormones and transcription factors of STAT5A. 
The effects of prolactin are mediated by binding to extracellular 
PRLR, which binds and activates intracytoplasmic targets of 
Jak2/STAT signaling pathway, such as CSN2 [26]. Prolactin 
and glucocorticoid hormones synergized to induce CSN2 
expression in mammary epithelial cell [36].  
CSN2 in mammary glands was produced through PRLR, as 
well as GHR. The data showed that torbangun leaf extract 
increased expression of genes associated with proliferation, 
lobuloalveolar differentiation, and milk protein formation, 
which were PRLR, GR, STAT5A, and CSN2. These results 
were believed to be the underlying mechanism of torbangun 
leaf extract potential to affect breast milk production. The 
proposed pathway of how torbangun leaf extract increases 
CSN2 is presented in Fig 4. 		

 

 
Fig 4. The proposed pathway on how torbangun leaf extract increases 

breast milk at the molecular level in human mammary gland 
epithelial cell. 

 
This study proposes the mechanism of how torbangun leaf 
extract increases breast milk at the molecular level in human 
mammary gland epithelial cell. Initially, the bioactive 
compounds of torbangun leaf bind to PRLR in epithelial cells’ 
membrane to further activate STAT5A. An activated STAT5A 
will translocate to the cell nucleus and transcribe CSN2 gene. 
Compounds in torbangun leaf that may presumably bind to 
PRLR are flavonoid such as quercetin and kaempferol. In silico 
method has previously shown that quercetin and kaempferol 
bind to active PRLR, with the amino acid sequences of Phe, Ile, 
Tyr, His, Arg, Val, and Asp [37]. Meanwhile, the results 
showed that bioactive compounds in torbangun leaf extract 
could also affect GR. As a coactivator of STAT5A in 
transcribing CSN2 gene, GR activated by torbangun leaf extract 
would translocate into the nucleus and further interact with 
STAT5A to transcribe CSN2. The bioactive compounds that 
can increase GR expression are steroid, triterpenoid, saponin, 

and flavonoid. Some triterpenes and steroids have a similar 
structure to hormones such as steroid, sex hormones, and 
cortisone which modulate hormone response. In some cases, 
steroid, triterpene, and saponin have a similar structure to 
endogenous anti-inflammatory hormones such as 
glucocorticoid[38]. The bioactive compounds of torbangun leaf 
extract such as phenol and flavonoid are polar, which will bind 
to PRLR in the epithelial cell membrane, before transcribing 
CSN2 gene in the nucleus. Meanwhile, triterpenoid and steroid 
can directly enter the epithelial cells because their non-polar 
nature. 
The phenolic compounds were largely found in torbangun leaf 
extract. Pearson’s correlation coefficient value of 0.5 showed 
that the effect of phenolic compounds on CSN2 mRNA 
expression was relatively strong. Fig 3B shows that CSN2 
mRNA expression was higher in ethyl acetate fraction 
compared to water fraction. These results were in line with a 
previous study, where phenolic compounds from grape seeds 
elevated prolactin serum levels in blood, the number of alveoli, 
and alveolar diameter, with reduced distance between alveoli 
[39] . 
This study showed that torbangun leaf extract contained 
bioactive compounds capable of modulating the response of 
endogenous prolactin and glucocorticoid in improving CSN2 
production in mammary gland epithelial cells. As prolactin and 
glucocorticoid were not used in this study, further investigation 
should be carried out to compare hormones with torbangun leaf 
extract, particularly in examining their effect on various 
lactation-related genes downstream of prolactin and GR. From 
this study, the synergy of various bioactive compounds in 
torbangun leaf was found to serve in regulating genes 
associated with lactation function. The main compounds in 
torbangun leaf contributing to breast milk production include 
phenolic, flavonoid, tannin, steroid, and saponin. Therefore, 
further studies should be carried out to investigate the role of 
each content in affecting breast milk production. 
 

IV. CONCLUSION 

 In conclusion, this study showed that torbangun leaf extract 
contained tannin, flavonoid, steroid, and saponin, but there 
were no alkaloid or quinone. At the cellular level, water and 
ethyl acetate fractions increased the expression of genes 
important to lactation function regulation in mammary 
epithelial cells. Torbangun leaf extract increased CSN2 mRNA 
due to the effect on the pathway, including PRLR, STAT5A, 
and GR.  

 

ACKNOWLEDGMENT 

The authors are grateful to the Ministry of Research, 
Technology, and Higher Education of Indonesia for funding 
this study.  

 
CONFLICT OF INTEREST 

The authors declare no conflict of interest. 



Indonesian Food Science and Technology Journal      
IFSTJ : Vol 8 No 1, December 2024 (PP: 52-59) 

ISSN  : 2615-367X 

58 | T a f z i ,  e t  a l  ( 2 0 2 4 )  
 

REFERENCE 
[1] S.S. Nasution, R. Elianan, E. Aizar and R. Pramita, 

“Effectiveness of Coleus amboinicus consumption  
interventions  in increasing breast milk production and 
improving maternal health status during COVID 19 
Pandemic”, Macedonian J Med Scie, no. 10, pp. 202–
208, 2022, doi.org/10.3889/ oamjms.2022.7094. 

[2] G.M. Winata, H. Hardinsyah, S.A. Marliyati, R. 
Rimbawan and D. Andrianto, “View of A Narrative 
Review of Known Plants which Have Potential 
Benefits as Natural Galactagogues in Indonesia”. 
National Nutr J, vol. 19, no. 1, pp 57-72, 2024, 
doi.org/10.20473/mgi.v19i1. 

[3] S. Hadisaputro and K. S. Aristiati, “Torbangun (Coleus 
Amboinicus L) leaves extract as an alternative to 
increase breast milk production and prolactin hormone 
level among normal postpartum women (study in the 
work area of bergas community health center Semarang 
district),” 2018. [Online]. Available: www.ijamscr.com 

[4] M. Mortel and S. D. Mehta, “Systematic review of the 
efficacy of herbal galactogogues,” Journal of Human 
Lactation, vol. 29, no. 2, pp. 154–162, May 2013, doi: 
10.1177/0890334413477243. 

[5] S. Aikawa, J. Yuan, A. Dewar, X. Sun, and S. K. Dey, 
“Scribble promotes alveologenesis in the pregnant 
mammary gland for milk production,” Reproduction, 
vol. 159, no. 6, pp. 719–731, 2020, doi: 10.1530/REP-
20-0108. 

[6] K. Kobayashi, “Culture Models to Investigate 
Mechanisms of Milk Production and Blood-Milk 
Barrier in Mammary Epithelial Cells: a Review and a 
Protocol,” Dec. 01, 2023, Springer. doi: 
10.1007/s10911-023-09536-y. 

[7] I. Iskandar et al., “Gene prolactine receptor (PRLR) and 
signal transducer and activator of transcription 5 
(STAT5) on milk production,” Medicina Clinica 
Practica, vol. 4, Apr. 2021, doi: 
10.1016/j.mcpsp.2021.100223. 

[8] D. E. Ilie et al., “Polymorphism of the Prolactin (PRL) 
Gene and Its Effect on Milk Production Traits in 
Romanian Cattle Breeds,” Vet Sci, vol. 10, no. 4, Apr. 
2023, doi: 10.3390/vetsci10040275. 

[9] S. Yonekura, H. Miyazaki, and Y. Tokutake, 
“Comparative Expression Profiling of Lactogenic 
Hormone Receptor and It’s Signaling Molecules of 
Bovine Mammary Glands during lactation,” Open J 
Anim Sci, vol. 05, no. 02, pp. 106–113, 2015, doi: 
10.4236/ojas.2015.52013. 

[10] M. A. Mohammad, D. L. Hadsell, and M. W. Haymond, 
“Gene regulation of UDP-galactose synthesis and 
transport: Potential rate-limiting processes in initiation 
of milk production in humans,” Am J Physiol 
Endocrinol Metab, vol. 303, no. 3, Aug. 2012, doi: 
10.1152/ajpendo.00175.2012. 

[11] F. C. Morales, Y. Hayashi, C. S. Van Pelt, and M. M. 
Georgescu, “NHERF1/EBP50 controls lactation by 

establishing basal membrane polarity complexes with 
prolactin receptor,” Cell Death Dis, vol. 3, no. 9, Sep. 
2012, doi: 10.1038/cddis.2012.131. 

[12] X. Ma et al., “Diverse roles of glucocorticoids in the 
ruminant mammary gland: modulation of mammary 
growth, milk production, and mastitis,” 2023, Taylor 
and Francis Ltd. doi: 
10.1080/10253890.2023.2252938. 

[13] E. Stoecklin, M. Wissler, R. Moriggl, and B. Groner, 
“Specific DNA Binding of Stat5, but Not of 
Glucocorticoid Receptor, Is Required for Their 
Functional Cooperation in the Regulation of Gene 
Transcription,” 1997. 

[14] A.A. Zuppa, P. Sindico, C. Orchi, C. Carducci, V. 
Cardiello, C. Romagnoli, and P. Catenazzi, “View of 
Safety and Efficacy of Galactogogues Substances that 
Induce, Maintain and Increase Breast Milk 
Production”,  J Pharm Pharmaceut Sci, vol. 13, no. 2. 
Pp 162-17,. 2015. 

[15] M. Heydari Majd, A. Rajaei, D. SalarBashi, S. A. 
Mortazavi, and S. Bolourian, “Optimization of 
ultrasonic-assisted extraction of phenolic compounds 
from bovine pennyroyal (Phlomidoschema 
parviflorum) leaves using response surface 
methodology,” Ind Crops Prod, vol. 57, pp. 195–202, 
Jun. 2014, doi: 10.1016/j.indcrop.2014.03.031. 

[16] M. D. Shah and M. A. Hossain, “Total flavonoids 
content and biochemical screening of the leaves of 
tropical endemic medicinal plant Merremia 
borneensis,” Arabian Journal of Chemistry, vol. 7, no. 
6, pp. 1034–1038, Dec. 2014, doi: 
10.1016/j.arabjc.2010.12.033. 

[17] D. Paramasivam et al., “Phytochemical profiling and 
biological activity of Plectranthus amboinicus (Lour.) 
mediated by various solvent extracts against Aedes 
aegypti larvae and toxicity evaluation,” Asian Pac J 
Trop Med, vol. 13, no. 11, pp. 494–502, Nov. 2020, doi: 
10.4103/1995-7645.295360. 

[18] J. Chen et al., “The Aqueous Extract of Hemerocallis 
citrina Baroni Improves the Lactation-Promoting Effect 
in Bovine Mammary Epithelial Cells through the PI3K-
AKT Signaling Pathway,” Foods, vol. 13, no. 17, p. 
2813, Sep. 2024, doi: 10.3390/foods13172813. 

[19] I.G. Bako, M.A. Mabrouk, M.S. Abubakar, and A. 
Mohammed,“Lactogenic study of ethyl acetate 
fraction of Hisbiscus sabdariffa linn seed on pituitary 
prolactin level of lactating albino rats. Int J Applied 
Res Natural Products, vol 6, no. 2, pp. 30-37. 

[20] S. Herremans, F. Vanwindekens, V. Decruyenaere, Y. 
Beckers, and E. Froidmont, “Effect of dietary tannins 
on milk yield and composition, nitrogen partitioning 
and nitrogen use efficiency of lactating dairy cows: A 
meta-analysis,” J Anim Physiol Anim Nutr (Berl), vol. 
104, no. 5, pp. 1209–1218, Sep. 2020, doi: 
10.1111/jpn.13341. 



Indonesian Food Science and Technology Journal      
IFSTJ : Vol 8 No 1, December 2024 (PP: 52-59) 

ISSN  : 2615-367X 

59 | T a f z i ,  e t  a l  ( 2 0 2 4 )  
 

[21] M. S. Sindhu, M. Poonkothai, and R. Thirumalaisamy, 
“Phenolic and terpene compounds from Plectranthus 
amboinicus (Lour.) Spreng act as promising hepatic 
anticancer agents screened through in silico and in vitro 
approaches,” South African Journal of Botany, vol. 
149, pp. 145–159, Sep. 2022, doi: 
10.1016/j.sajb.2022.06.001. 

[22] I. Marzuki et al., “Chemical Component Analysis of 
Marine Sponge Extract of Potentially Medicinal Based 
on Solvent Differences,” International Journal on 
Advanced Science, Engineering and Information 
Technology, vol. 14, no. 3, pp. 1064–1073, Jun. 2024, 
doi: 10.18517/ijaseit.14.3.19865. 

[23] Analysis of Phytochemical Compounds and antioxidant 
activity from non polar to polar solvent extracts in 
several types of basa genep constituent spices, 
Indonesian Food Science and Technology Journal, vol. 
7, no. 2, pp. 110-120, 2024. 

[24] A. Ishisaka, N. Fujiwara, R. Mukai, M. Nishikawa, S. 
Ikushiro, and A. Murakami, “Flavonoids in breast milk 
and their absorption, metabolism, and bioactivity in 
infants,” Biosci Biotechnol Biochem, Oct. 2024, doi: 
10.1093/bbb/zbae140. 

[25] A.-K. Borg Karlsson et al., “Chemical composition and 
toxicological evaluation of the aqueous leaf extracts of 
Plectranthus amboinicus Lour. Spreng. Chemical 
composition and Toxicological evaluation of the 
aqueous leaf extracts of Plectranthus amboinicus Lour. 
Spreng,” Online, 2014. [Online]. Available: 
https://www.researchgate.net/publication/264623408 

[26] M. A. El-Magd et al., “Polymorphisms of the prlr gene 
and their association with milk production traits in 
egyptian buffaloes,” Animals, vol. 11, no. 5, May 2021, 
doi: 10.3390/ani11051237. 

[27] J. F. Trott et al., “Tissue-specific regulation of porcine 
prolactin receptor expression by estrogen, 
progesterone, and prolactin,” Journal of 
Endocrinology, vol. 202, no. 1, pp. 153–166, 2009, doi: 
10.1677/JOE-08-0486. 

[28] C. Farmer, M. T. Sorensen, S. Robert, and D. Petitclerc, 
“Administering Exogenous Porcine Prolactin to 
Lactating Sows: Milk Yield, Mammary Gland 
Composition, and Endocrine and Behavioral Responses 
1,2,” 1999. [Online]. Available: 
https://academic.oup.com/jas/article-
abstract/77/7/1851/4625531 

[29] T. Chiba et al., “Serotonin Suppresses β-Casein 
Expression via Inhibition of the Signal Transducer and 
Activator of Transcription 5 (STAT5) Protein 
Phosphorylation in Human Mammary Epithelial Cells 
MCF-12A,” 1336. 

[30] M. Muelbert, T. Alexander, M. H. Vickers, J. E. 
Harding, L. Galante, and F. H. Bloomfield, 
“Glucocorticoids in preterm human milk,” Front Nutr, 
vol. 9, Sep. 2022, doi: 10.3389/fnut.2022.965654. 

[31] M. Z. Khan et al., “Role of the jak-stat pathway in 
bovine mastitis and milk production,” Nov. 01, 2020, 
MDPI AG. doi: 10.3390/ani10112107. 

[32] D. C. Buonfiglio et al., “Neuronal STAT5 signaling is 
required for maintaining lactation but not for 
postpartum maternal behaviors in mice,” Horm Behav, 
vol. 71, pp. 60–68, May 2015, doi: 
10.1016/j.yhbeh.2015.04.004. 

[33] M. Reichenstein, G. Rauner, and I. Barash, 
“Conditional repression of STAT5 expression during 
lactation reveals its exclusive roles in mammary gland 
morphology, milk-protein gene expression, and 
neonate growth,” Mol Reprod Dev, vol. 78, no. 8, pp. 
585–596, Aug. 2011, doi: 10.1002/mrd.21345. 

[34] E. B. Kabotyanski, M. Rijnkels, C. Freeman-
Zadrowski, A. C. Buser, D. P. Edwards, and J. M. 
Rosen, “Lactogenic hormonal induction of long 
distance interactions between β-casein gene regulatory 
elements,” Journal of Biological Chemistry, vol. 284, 
no. 34, pp. 22815–22824, Aug. 2009, doi: 
10.1074/jbc.M109.032490. 

[35] I. Iskandar et al., “Gene prolactine receptor (PRLR) and 
signal transducer and activator of transcription 5 
(STAT5) on milk production,” Medicina Clinica 
Practica, vol. 4, Apr. 2021, doi: 
10.1016/j.mcpsp.2021.100223. 

[36] K. Kobayashi et al., “Distinct roles of prolactin, 
epidermal growth factor, and glucocorticoids in β-
casein secretion pathway in lactating mammary 
epithelial cells,” Mol Cell Endocrinol, vol. 440, pp. 16–
24, Jan. 2017, doi: 10.1016/j.mce.2016.11.006. 

[37] C. Author and A. M. Rajan, “In Silico Techniques for 
the Identification of Novel Natural Compounds for 
Secreting Human Breast Milk,” 2011, [Online]. 
Available: 
http://www.webmedcentral.com/article_view/2120Arti
cleURL:http://www.webmedcentral.com/article_view/
2131 

[38] M. Wink, “Modes of Action of Herbal Medicines and 
Plant Secondary Metabolites,” Medicines, vol. 2, no. 3, 
pp. 251–286, Sep. 2015, doi: 
10.3390/medicines2030251. 

[39] A. E. Al-Snafi, A.-S. Ae, K. Sh, and F. Ah, 
“Galactagogue action of the crude phenolic extracts of 
grape seeds (vitis vinifera) International Journal of 
Biological & Pharmaceutical Research,” 2015. 
[Online]. Available: www.ijbpr.com 

  
 

 


