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ARTICLEINFO ABSTRACT

Art'idf Type: ' Introduction: The leaves of Pluchea indica (L.) Less is empirically used to enhance milk
Original Article production. This study aimed to evaluate the lactogenic effect of ethanolic extract of P. indica

leaves (EPI) on milk production, prolactin, cortisol, oxytocin levels, and histological changes
Article History:

of mammary tissue in lactating rats and weight gain of their pups.

Methods: Twenty-five lactating rats with six pups were randomized into five groups. The
groups were control (reverse osmosis water), standard (domperidone 2.5 mg/kg BW), and
EPI (250, 500, and 750 mg/kg BW). The daily treatments were administered by oral gavage,
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the pups were measured daily. Serum prolactin, cortisol, and oxytocin levels in the lactating
Mammary gland . . . . .
o rats were determined by enzyme immunoassay. Histomorphological alterations of mammary
Medicinal plant . . ivated by h li d eosi ined slides. D lvzed b
Lactation tissues were investigated by hematoxylin and eosin-stained slides. Data were analyzed by one-

way ANOVA tests and P<0.05 was considered significant.

Results: The daily milk production in groups treated with domperidone and EPI at doses of
500 and 750 was significantly increased compared to the control group (P <0.05). Weight gain
of the pups of dams that received domperidone and EPI at doses 500 and 750 mg/kg BW was
significantly higher than controls (P<0.05). EPI 500 insignificantly increased both prolactin
and oxytocin, insignificantly decreased cortisol levels, and insignificantly enhanced both
numbers of alveoli and branching alveoli with milk secretion (P>0.05).

Conclusion: Pluchea indica leaves revealed lactogenic activity in lactating rats.

Plant extraction

Implication for health policy/practice/research/medical education:

This research revealed that P. indica had a lactogenic effect as evidenced by enhancing of the milk production, weight of the pups,
hormones level that affects milk production as well as the numbers of alveoli and branching alveoli with milk secretion. Hence,
this plant can be considered to develop as herbal milk booster.
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Introduction

Milk is very important for neonates because it is the only
source of food for growth and development until their
bodies are able to receive additional food. The production
begins between 10-22 gestational weeks (lactogenesis I)
and increases immediately between 24-102 hours after
birth (lactogenesis II). In the early lactation, breastmilk
contains colostrum, a source of passive immune
components produced during the first 48 hours after
birth, which are not contained in formula milk. Exclusive
breastfeeding for 6 months decreased the risk of infants
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developing atopic dermatitis, acute otitis media, and
hospitalization due to lower respiratory tract infection
(1). Accordingly, breastfeeding women who have lactation
problems should make efforts to take a synthetic or natural
galactagogue to improve milk production.

The antiemetic agents such as domperidone and
metoclopramide are used as ‘off-label milk boosters™ for
their galactagogic (lactogenic) effect to stimulate lactation.
They are dopamine antagonists, which have the possibility
to increase milk production by increasing serum prolactin.
Intestinal discomfort and elevation of serum prolactin are
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the most common side effects that occur in infants whose
mothers take oral metoclopramide. Depression, vertigo,
and headaches were side effects commonly reported
by mothers taking metoclopramide, whereas cardiac
arrhythmia, cardiac arrest, and death are the reported
adverse effects of domperidone. Hence, domperidone has
not been approved by the United States Food and Drug
Administration (USFDA) as a galactagogue (2,3).

Many communities perceive that medicines from
natural resources are safer than synthetic drugs. The leaves
of Pluchea indica Less also known as luntas (Javanese) or
beluntas (Indonesian, Malaysia) are a natural galactagogue
empirically used by breastfeeding women. The leaves are
also used as a diaphoretic and febrifuge agent in India and
Indo-China (4). The fresh leaves possess an aromatic and
astringent taste and are used as a vegetable in South-East
Asia (5). The plant is found in India, South-East Asia, and
the Philippines (4).

Pharmacological studies have found that P. indica inhibits
spermatogenesis (6), induces apoptosis of nasopharynx
cancer cells (7), has anti-inflammatory (8), antipyretic
(9), antibacterial (10), antioxidant (11) and antidiabetic
activities (12). P. indica produces secondary metabolites
such as flavonoids, alkaloids, tannins, and saponins (13).
The galactagogic effect of P, indica leaves may be related to
flavone phytoestrogens (quercetin and kaempferol) found
in its leaves (5,14). Phytoestrogenic agents may have
effects similar to endogenous estrogen (17p-estradiol)
and have the potential to bind with estrogen receptors
that promote proliferation of mammary epithelial cells
and thus, secretion of milk (14,15).

Milk production and secretion are influenced by the
development of the mammary glands during pregnancy;,
which are regulated by systemic hormones such as
prolactin, estrogen, progesterone, growth hormone,
insulin, glucocorticoids, and triiodothyronine (16) and
local factors produced by stromal cells, including fibroblast
growth factor, insulin-like growth factor-1 (IGF-1), and
epidermal growth factor (17). This study aimed to evaluate
the effects of P indica on milk production, prolactin,
cortisol, oxytocin, histological changes of mammary
tissue in lactating rats and weight gain of their pups.

Materials and Methods

The experiments were conducted in the Faculty of
Medicine, Public Health and Nursing, Universitas Gadjah
Mada (UGM) in Yogyakarta, Indonesia. Animals were
housed and treated in the Pharmacology and Therapy
Laboratory. Hematoxylin and eosin (H&E) staining of
mammary tissue was performed in the Department of
Anatomical Pathology, FMPHN UGM.

Preparation of plant material

The leaves of P. indica were collected from the Yogyakarta
Special Region, Indonesia, in March 2020. Identification
of this plant was done by a trained botanist from the
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Department of Pharmaceutical Biology, Faculty of
Pharmacy, Universitas Gadjah Mada, Indonesia and an
herbarium specimen was deposited in the Department of
Pharmacology and Therapy, Faculty of Medicine, Public
Health and Nursing, UGM (No 12.18.08/UN1/FFA/BF/
PT/2020).

Plant extraction

The plant was extracted following a previously used and
published method (18). The leaves were dried in the oven
at 50°C and then blended to get powder. The powder
(200 g) of P. indica leaves (EPI) was macerated in 1 L of
70% ethanol for 72 hours. Every 24 hours the extract was
filtered using vacuum filtration and the residue was re-
macerated twice by renewing the solvent. The filtrates
were combined and evaporated to dryness at room
temperature.

Animal and experimental design

Mature Wistar albino rats were obtained from the Faculty
of Pharmacy UGM. The rats were maintained in an
animal room under a controlled environmental condition
with temperature 25-26°C, 12/12 of light-dark cycle, and
humidity 69-70%. Female rats were housed and mated
with male rats in plastic cages and allowed access to food
and water ad libitum. The food was commercial feed AD-
II pellet (from PT Japfa Comfeed Indonesia Tbk.). The
day when female rats delivered their pups was designated
as day 1 of lactation.

Effect of Pluchea indica extract on milk production

A total of 25 lactating Wistar rats weighing 150-250 g (6-8
weeks) were used in this study. Based on Federer’s formula
to calculate the sample size for several groups, the study
population was divided into five experimental groups of
five rats each (n=5).

The equation was calculated as follows: [n-1) (t-1) >15,
where n=sample size for each group and t=number of
interventions. The groups were control (reverse osmosis
(RO) water), standard (domperidone 2.5 mg/kg of BW),
EPI 250 mg/kg BW, EPI 500 mg/kg BW, and EPI 750 mg/
kg BW. Each dam was adjusted to suckle only six pups (18).
The animals were treated daily at 18:00 h and treatment
was continued from the 2" to the 15" day of the lactation
period. Before giving the treatment, the body weight of
the dam and pups were measured. The dams were fed
AD-II pellets at 10 g/100 g BW daily, in the morning and
evening.

Milk production was measured daily from day 3 to day
15 of lactation by calculating milk yield per pup using the
formula from Sampson and Jansen (19). Milk yield per
pup = 0.0322 + 0.0667 (weight) + 0.877 (gain). Milk yield
is the daily milk yield per pup (g/pup/day), weight is pup
weight (g), and gain is pup weight gain per day (g/day).
The body weight was measured with an electronic balance
(Mettler Toledo) accurate to 0.01 g.
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On day 16 of postpartum, blood samples obtained from
the retro-orbital sinus were collected for prolactin, cortisol,
and oxytocin assays. Then, dams were anaesthetized and
euthanized intraperitoneally with rat cocktail solution:
0.125-0.15 mL per 100 g body weight, which contained
25% ketamine 100 mg/mL, 25% xylazine 20 mg/mL, 1%
acepromazine 10 mg/mL, and 4% water sterile for injection.
The left abdominal mammary glands were dissected and
placed in 10% neutral buffered formaldehyde solution for
histological analysis.

Histological examination of mammary glands
Mammary gland histology was performed following
the standard operating procedures. Mammary glands
tissue was dissected, and embedded in formalin-fixed,
paraffin-embedded blocks, then sections of 3 pm were
cut for each specimen using rotary microtome (20). The
sections were deparaffinized with xylene and dehydrated
through a graded series of ethanol and stained with H&E.
Morphological assessment was performed with Olympus
CX23 binocular microscope under 400x magnification.
Qualitative and semi-quantitative assessments, including
overall morphology, the number and diameter of alveoli,
and branching alveoli with milk secretion were counted.
Interlobular connective tissue and interlobular excretory
ducts in the mammary tissue were also assessed.
Quantitative analysis was determined by means of alveoli
number and calculated from a minimum of three regions-
of-interest consisted of 5 high-power fields individually.
Single-field high resolution digital images were acquired
using a single-field high-definition (resolution of
1080p) digital camera (Sigma Optical) mounted to
Olympus CX43 binocular microscope. Alveolar diameter
measurement was performed to a minimum of 10 alveoli
per high-power field images utilizing calibrated line tools
in QuPath (open-source software for digital pathology
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image analysis) version 0.2.3. The measurement results
were converted into microns according to the calibration
standard at a resolution of 96 dots per inch (dpi).

Serum prolactin, cortisol and oxytocin levels

The collected blood samples were left at room temperature
for 30 minutes and then centrifugated at 2000 g at 4°C
for 10 minutes. Serum was separated and stored at -20°C
until the prolactin, cortisol, and oxytocin were estimated
by enzyme immunoassay. The rat prolactin ELISA kit
(Catalog Number RK03905) was obtained from ABclonal.
Cortisol EIA kit (Catalog Number CO3685) was purchased
from Calbiotech, and General oxytocin ELISA kit (Catalog
number RK00696) from ABclonal. The measurements of
these serum hormone levels were done in accordance with
the manufacturer’s instructions.

Statistical analysis

Results were expressed as mean * standard error mean
(SEM). Data were analyzed by one-way analysis of variance
(ANOVA) followed by post hoc least square difference
(LSD), using the statistical package PASW (version 18 for
Windows). Results were considered significantly different
if P< 0.05.

Results
During the experimental period milk production
significantly increased over time in all groups (P<0.05).
Milk production levels were higher in the groups receiving
domperidone or EPI than in the control group. There were
significant differences of the milk production from days 7
to 14, in particular for EPI 500 (P<0.05) (Figure 1).
Compared to the control group, the daily milk
production per day was significantly increased in groups
treated with domperidone and EPI (doses 500 and 750)
(P<0.05). The mean daily milk yield was not significantly

3 4 5 6 7 8

—&— Control  +++#++ Domperidone

9 10 11 12 13 14 15
EPI250 —3 -EPI500 --m--EPI750

Figure 1. Milk production of Wistar rats receiving the ethanolic extract of Pluchea indica during the experimental period. Abbreviations: EPI 250: 250 mg/kg
BW of P. indica extract, EPI 500: 500 mg/kg BW of P. indica extract, EPI 750: 750 mg/kg BW of P. indica extract. Values are presented as mean + SEM. *
and # indicate significantly different (P < 0.05) compared to the control group and the third day, respectively (ANOVA followed by LSD).
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different between the domperidone- and EPI-treated
groups (P>0.05).

Weight gain was significantly higher in the pups from
dams that received domperidone and EPI (doses 500 and
750) compared to the control group (P<0.05) (Table 1).

Both the numbers of alveoli and branching alveoli
with milk secretion were enhanced in the EPI 500 group
compared to the control group (P<0.05). The number
of alveoli was significantly higher compared to the
domperidone group (P<0.05). There were no significant
differences of alveoli diameter among groups although
the diameter was increased in both the domperidone and
EPI 750 groups compared to the control group. All EPI-
treated groups showed a looser interlobular connective
tissue compared to the control and domperidone
groups. Interlobular excretory ducts were present in the
domperidone and all EPI-treated groups but in the control
group only one of the five rats presented it (Table 2,
Figure 2).

Because milk production, the number of alveoli, and
branching alveoli with secretion were the highest in
the EPI 500 group and the lowest in the EPI 750 group,
then serum prolactin, cortisol, and oxytocin assays were
conducted only for the EPI 500 and EPI 750 groups.
The results revealed that the serum prolactin levels were
insignificantly higher in both the domperidone and EPI
500 groups and lower in the EPI 750 group compared to
the control group (P>0.05). The serum cortisol levels
were insignificantly lower in both the domperidone and
EPI 500 groups compared to the control group (P>0.05)
(Figure 3).

The levels of oxytocin in the EPI-treated groups were
higher than in both control and domperidone groups

Lactogenic activity of P. indica

(P<0.05), and it was significantly higher in the EPI 750
group compared to the control group (P<0.05) (Figure 4).

Discussion
The present study found that during the experimental
period milk production was significantly increased over
time in all groups and more in the groups receiving
domperidone and ethanolic extract of P. indica compared
to the control group. In this estimation, the Sampson
and Jansen’s formula (19) was used, which required the
measurement of pup weight and weight gain. The results
were in accordance with Liu et al (21) who studied herbal
mixture (Vaccaria hispanica seed, Euphorbia heterophylla,
Astragalus  membranaceus, Tetrapanax  papyriferus,
Platycodon grandiflorum, and Cnicus Benedictus) and
Badgujar and Bandivdekar (22) who studied Cyperus
rotundus Linn. on milk production in lactating rats. There
are some factors that are known to affect the level of milk
yield over the course of lactation, which are the number of
milk-synthetizing epithelial cells, the secretory activity of
the epithelial cells, and the supply of nutrients and disposal
of waste products through the vascular system (23).

Beside using the Sampson and Jansen’s formula, the milk
production in lactating rats could be estimated from the
difference of pup body weight before and after treatment
(24), from mammary gland weight (25) (this method
requires excising mammary tissue from the dams), and
body water turnover method in rat dams, which requires
a dose of labelled water administration to calculate
maternal body water (26). This study used the Sampson
and Jansen’s formula to estimate milk production since it
was easier and more practical to apply.

Compared to the control group, the present study

Table 1. Effect of ethanolic extract of Pluchea indica on milk production and weight gain of pups

Groups Milk yield per day (g/pup) Weight gain of pup per day (g/day)
Control 2.03+£0.06 1.21£0.05
Domperidone 2.61+0.17° 1.58+0.14"
EPI 250 2.35+0.07 1.43 +0.07
EPI 500 2.55+0.10° 1.47 £0.05°
EPI 750 2.46 +0.16° 1.47 £0.08"

Abbreviations: EPI 250: 250 mg/kg BW of P. indica extract, EPI 500: 500 mg/kg BW of P. indica extract, EPI 750: 750 mg/kg BW of P. indica extract.
Values are presented as mean + SEM. *Significantly different (P < 0.05) compared to the control group (ANOVA followed by LSD).

Table 2. Effect of ethanolic extract of Pluchea indica on histomorphological alterations of mammary tissue of lactating Wistar rats

Branching alveoli

Alveoli diameter

Interlobular

Groups Number of alveoli with secretion o] T Interlobular excretory duct
Control 276.80 + 3.87 66.20+7.72 274.87 +21.13 Present, thin Only present in one of five rats
Domperidone 210.20+7.74 54.80 + 3.64 314.95 + 32.07 Present, thick Present in all rats

EPI 250 218.20+7.28 64.20 £5.05 275.31+22.08 Present, loose Present in all rats

EPI1 500 287.25 +47.32% 69.50 + 4.55 273.24+29.21 Present, loose Present in all rats

EPI1 750 123.75+2.29* 50.00 £1.29 292.32+21.17 Present, loose Present in all rats

Abbreviations: EPI 250: 250 mg/kg BW of P. indica extract, EPI 500: 500 mg/kg BW of P. indica extract, EPI 750: 750 mg/kg BW of P. indica extract.
Values are presented as mean + SEM. *indicates significantly different (P <0.05) compared to domperidone group (ANOVA followed by LSD).
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Magnification

Figure 2. Effect of ethanolic extract of Pluchea indica on histological mammary glands of dams stained by hematoxylin and eosin (H&E). Arrows:
Alveolus (Red arrow), alveolus with milk secretion (blue arrow), branching alveolus with milk secretion (yellow), interlobular excretory duct (green arrow).
Abbreviations: EPI 250: 250 mg/kg BW of P. indica extract, EPI 500: 500 mg/kg BW of P. indica extract, EPI 750: 750 mg/kg BW of P. indica extract.

found that the best lactogenic effect was achieved at the
dose of 500 mg/kg BW of the extract (EPI 500). EPI 500
significantly increased both pup weight gain and milk
yield. The dose also insignificantly decreased cortisol,
increased both prolactin and oxytocin, enhanced both
the number of alveoli and branching alveoli with milk
secretion (P> 0.05). Compared to the domperidone group,
the number of alveoli in EPI 500 was significantly higher.
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Figure 3. Serum cortisol and prolactin of Wistar rats treated with ethanolic
extract of P. indica. Abbreviations: EPI 250: 250 mg/kg BW of P. indica
extract, EP1 500: 500 mg/kg BW of P. indica extract, EPI 750: 750 mg/kg
BW of P. indica extract.

The increasing of pup weight gain may be related
to sufficiency of oral intake from milk as proven by
increasing milk production from this study. Milk contains
carbohydrates as an energy source, proteins, vitamins,
minerals, and antibodies which have the main role for
the growth and development of offspring. The numbers
of alveoli and alveoli with secretion, which represent the
number of milk-synthetizing epithelial cells, contribute
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Groups

Figure 4. Serum oxytocin level of Wistar rats treated with ethanolic
extract of P. indica. Abbreviations: EPI 250: 250 mg/kg BW of P. indica
extract, EPI 500: 500 mg/kg BW of P. indica extract, EPI 750: 750 mg/
kg BW of P. indica extract. Values are presented as mean + SEM. *
Significantly different (P < 0.05) compared to the control group (ANOVA
followed by LSD).
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to milk yield. Also, EPI 500 insignificantly enhanced
the number of alveoli and branching alveoli with milk
secretion. Additionally, the number of alveoli in the
EPI 500 group was significantly higher compared to the
domperidone group.

All EPI-treated groups showed the looser interlobular
connective tissue compared to the control and
domperidone groups, which may be related to the
increased alveoli diameter or size as found in our study.
During pregnancy and the lactating period, interlobular
tissue in the mammary glands is decreased due to
the increased glandular alveoli size (27). Interlobular
excretory ducts were present in the domperidone and
all EPI-treated groups but in the control group only one
of the five rats presented it. This finding suggests that
EPI and domperidone may increase the proliferation of
luminal epithelial mammary cells.

Milk yield involves the role of the prolactin and
oxytocin hormones. Prolactin, a hormone secreted by
the anterior pituitary gland, maintains milk synthesis and
secretion by acting on the luminal epithelial cells of the
mammary gland, and is necessary for survival of alveolar
mammary epithelial cells. The secretion is controlled
by both stimulatory and inhibitory factors. Oxytocin,
and neurotensin, as thyroid releasing hormones act as
releasing factors of prolactin. During lactation, suckling
and milking stimulate prolactin secretion (28), and
dopamine is a dominant inhibitory factor. Stress and
fatigue downregulate milk yield because the condition
may increase the levels of norepinephrine and dopamine,
which then inhibit prolactin synthesis (29). Oxytocin,
a hormone secreted by the posterior pituitary gland, is
responsible for releasing prolactin and milk ejection. The
secretion and release of oxytocin is stimulated by suckling.
Suckling stimulates sensory nerve endings in the nipple
and areola, and then activates the afferent neural reflexes,
which lead to the secretion and release of prolactin and
oxytocin (30). Oxytocin contracts the myoepithelial
cells of the alveoli and enables milk to be ejected by way
of prolactin synthesis (28). Our study found that serum
prolactin and oxytocin were insignificantly enhanced in
the EPI 500 treated group, and both pup weight gain and
milk yield significantly increased. This finding follows the
statement by Wan et al (31) that said the increase in serum
prolactin levels is not always directly proportional to the
amount of milk production. It was proposed that there are
mediators and/or other mechanisms that may play a role
in milk production in addition to serum prolactin.

The study revealed that the increasing of milk
production in the groups receiving the extract of P,
indica was not different with the domperidone group. It
was suggested that they had the same pathway or action
mechanism of milk synthesis. Domperidone, a dopamine
antagonist, blocks D-2 receptors and induces prolactin
synthesis in lactotrophic cells of the anterior pituitary
gland. To prove that they have the same pathway, further
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studies are needed.

The galactagogue effect of P. indica in this study may
be related to phytoestrogen ingredients present in this
plant. Herbal galactagogues could be mediated by the
action of phytoestrogens (32), which may have effect
similar to estrogen that stimulates mammary epithelial
cells’ proliferation (33). Quercetin and kaempferol are
phytoestrogens found in P indica leaves (4). Other
phytoestrogens contained in herbal galactagogues are
diosgenin (Trigonella foenum-graecum), shatavarine I
(Asparagus racemosus), anethole (Foeniculum vulgare,
Pimpinella anisum), silybin A, silybin B, silydianin, and
silychristin (Silybum marianum). There are many factors
that may influence phytoestrogens possessing estrogenic
activity. Bioavailability, species of animal, chemical
structure of the compound, responsive tissue, and estrogen
receptor type are known to affect the activity (15).

The extract of P. indica insignificantly decreased cortisol
levels. Cortisol has many functions including the control
of physiological stress and immunity, and metabolism
of carbohydrates, proteins, and fats. Activation of
hypothalamic-pituitary-adrenal (HPA)-axis and acute
psychological stressor may increase cortisol levels (34).
Stress indicated by an increase in cortisol may enhance
the incidence of unsuccessful nursing and influence
prolactin. Separation from piglets increased cortisol levels
in sow (35), and the reduced nursing frequency resulted in
lower prolactin levels (36). Stress may suppress lactation
by inhibiting prolactin and oxytocin secretion responsible
for milk let down (37). The lower cortisol and higher
prolactin and oxytocin levels in the EPI groups compared
to the control group showed that the rats probably were
not in a stressful condition. However, another researcher
stated that cortisol was a lactogenic hormone and it should
be in sufficient level for milk synthesis (38). So, there is
still some controversy concerning the role of cortisol in
milk synthesis.

Ethanolic extract of P indica enhanced milk yield and
the weight gain of pups although without accompanying an
increase in prolactin, oxytocin, and lactogenic histological
parameters. Probably this happened because the increase
in the amount of milk production is not always directly
proportional to serum prolactin levels. It was proposed
that there are mediators and/or other mechanisms that
play a role in milk production in addition to serum
prolactin. Somatotropin or growth hormone (GH) is one
of those mediators. A previous study investigated that P,
indica extract increased growth hormone in lactating rats
(18). During pregnancy and breastfeeding, GH is required
for the growth and development of mammary glands,
because it stimulates the proliferation and differentiation
of mammary myoepithelial cells, thereby increasing
milk production. Other mediators or mechanisms
which contribute to increase milk production are daily
milking frequency, cell proliferation through IGF-1,
cell differentiation through IGF-2, and the activity of
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serotonin and parathyroid hormone related protein
(39). Thus, many factors have not been studied in the
present research, including the quality of the milk, which
could influence the growth of the pups. For this reason,
hormonal and local factors and also the measurement of
the quality of milk can be proposed to be considered in
future studies.

Conclusion

Pluchea indica leaves revealed lactogenic activity by
increasing the milk production and slightly increasing
both prolactin and oxytocin, and the numbers of alveoli
and branching alveoli with milk secretion in lactating
rats. Therefore, it could be developed as an alternative
galactagogue from natural materials. Further researches
are needed regarding the safety and appropriate product
formulations to ensure the safety.

Acknowledgment

The authors thank to the Head and all members of the
Department Pharmacology and Therapy, the Department
Anatomical Pathology, Faculty of Medicine, Public Health
and Nursing, Universitas Gadjah Mada for the facilities
provided.

Authors’ contribution

All authors designed the study. The experiments were
conducted by RAS, MMY, and NA. DNMA assessed the
H&E-stained slides. NA and RAS analyzed and interpreted
the data. RAS and MSHW drafted the manuscript. All
authors read and approved the manuscript.

Conflict of interests
No conflict of interest is associated with this work.

Ethical considerations

Animal care and experiments were done in compliance
with the guidelines for the care and use of laboratory
animals of the Faculty of Medicine, Public Health and
Nursing, Universitas Gadjah Mada. The protocol of the
study was approved by the Medical and Health Research
Ethics Committee Faculty of Medicine Public Health and
Nursing, Universitas Gadjah Mada (No KE/FK/0478/
EC/2020).

Funding/Support

The authors thank the Ministry of Research and
Technology/National Research and Innovation Agency
for the research grant with contract number 1704/UN1/
DITLIT/DIT-LIT/PT/2020.

References

1. Forinash AB, Yancey AM, Barnes KN, Myles TD. The
use of galactogogues in the breastfeeding mother. Ann
Pharmacother. 2012;46(10):1392-404. doi:  10.1345/
aph.1R167.

10.

11.

12.

13.

14.

15.

16.

17.

Anderson PO, Valdés V. A critical review of pharmaceutical
galactagogues. Breastfeed Med. 2007;2(4):229-42. doi:
10.1089/bfm.2007.0013.

Zuppa AA, Sindico P, Orchi C, Carducci C, Cardiello
V, Romagnoli C. Safety and efficacy of galactogogues:
substances that induce, maintain and increase breast milk
production. J Pharm Pharm Sci. 2010;13(2):162-74. doi:
10.18433/j3ds3r.

van Valkenburg JL, Bunyapraphatsara N. Plant resources of
South-East Asia No 12(2) Medicinal and Poisonous Plants
2. Leiden: Backhuys Publishers; 2001. p. 441-3.

Suriyaphan O. Nutrition, health benefits and applications
of Pluchea indica (L.) Less leaves. Pharm Sci Asia.
2014;41(4):1-10.

Amalina N, Suyatmi S, Suparyanti EL. Effect of beluntas
(Pluchea indica) leaf extract on mice spermatogenesis.
Asian ] Nat Prod Biochem. 2010;8(2):47-51. doi: 10.13057/
biofar/f080202.

Kao CL, Cho J, Lee YZ, Cheng YB, Chien CY, Hwang CE
et al. Ethanolic extracts of Pluchea indica induce apoptosis
and antiproliferation effects in human nasopharyngeal
carcinoma cells. Molecules. 2015;20(6):11508-23. doi:
10.3390/molecules200611508.

Buapool D, Mongkol N, Chantimal J, Roytrakul S, Srisook
E, Srisook K. Molecular mechanism of anti-inflammatory
activity of Pluchea indica leaves in macrophages RAW
264.7 and its action in animal models ofinflammation.
J Ethnopharmacol. 2013;146(2):495-504. doi: 10.1016/j.
jep.2013.01.014.

Andarwulan N, Batari R, Sandrasari DA, Bolling B, Wijaya
H. Flavonoid content and antioxidant activity of vegetables
from Indonesia. Food Chem. 2010;121(4):1231-5. doi:
10.1016/j.foodchem.2010.01.033.

Pargaputri AF, Munadziroh E, Indrawati R. Antibacterial
effects of Pluchea indica Less leaf extract on E. faecalis and
Fusobacterium nucleatum (in vitro). Dent J. 2016;49(2):93-
8. doi: 10.20473/j.djmkg.v49.i2.p93-98.

Widyawati PS, Wijaya H, Harjosworo, PS, Sajuthi D.
[Antioxidant activities of various fractions and methanolic
extract of beluntas (Pluchea indica Less) leaves]. Agritech.
2012;32(3):249-57.

Widyawati PS, Budianta TD, Gunawan DI, Wongso RS.
Evaluation antidiabetic activity of various leaf extracts of
Pluchea indica Less. Int ] Pharmacogn Phytochem Res.
2015;7(3):597-603.

Susylowati D, Takarina ND. Phytochemistry screening and
total flavonoid test on plants associated mangrove (Pluchea
indica and Sesuvium portuculastrum Leafs) at Blanakan,
Subang, West Java. AIP Conf Proc. 2019;2168(1):020084.
doi: 10.1063/1.5132511.

Hashem NM, Soltan YA. Impacts of phytoestrogens
on livestock production: a review. Egypt ] Nutr Feeds.
2016;19(1):81-9.

Penagos Tabares F, Bedoya Jaramillo JV, Ruiz-Cortés ZT.
Pharmacological overview of galactogogues. Vet Med Int.
2014;2014:602894. doi: 10.1155/2014/602894.

Javed A, Lteif A. Development of the human breast. Semin
Plast Surg. 2013;27(1):5-12. doi: 10.1055/s-0033-1343989.

Sternlicht MD, Kouros-Mehr H, Lu P, Werb Z. Hormonal
and local control of mammary branching morphogenesis.

386 Journal of Herbmed Pharmacology, Volume 12, Number 3, July 2023

http://www.herbmedpharmacol.com


http://www.herbmedpharmacol.com

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Differentiation. 2006;74(7):365-81. doi: 10.1111/j.1432-
0436.2006.00105.x.

Syarif RA, Anggorowati N, Munawaroh M, Wahyuningsih
MS. Ethanolic extract of Pluchea indica Less leaf increases
serum growth hormone in lactating rats. Majalah Obat
Tradisional. 2021;26(2):111-6. doi: 10.22146/mot.62060.
Sampson DA, Jansen GR. Measurement of milk yield
in the lactating rat from pup weight and weight gain.
] Pediatr Gastroenterol Nutr. 1984;3(4):613-7. doi:
10.1097/00005176-198409000-00023.

Feldman AT, Wolfe D. Tissue processing and hematoxylin
and eosin staining. Methods Mol Biol. 2014;1180:31-43.
doi: 10.1007/978-1-4939-1050-2_3.

Liu H, Hua Y, Luo H, Shen Z, Tao X, Zhu X. An herbal
galactagogue mixture increases milk production and
aquaporin protein expression in the mammary glands
of lactating rats. Evid Based Complement Alternat Med.
2015;2015:760585. doi:  10.1155/2015/760585.
Badgujar SB, Bandivdekar AH. Evaluation of a lactogenic
activity of an aqueous extract of Cyperus rotundus Linn.
J Ethnopharmacol. 2015;163:39-42. doi: 10.1016/j.
jep.2015.01.019.

Safayi S, Theil PK, Elbrend VS, Hou L, Engbaek M,
Norgaard JV, et al. Mammary remodeling in primiparous
and multiparous dairy goats during lactation. J Dairy Sci.
2010;93(4):1478-90. doi: 10.3168/jds.2009-2422.
Lompo-Ouedraogo Z, van der Heide D, van der Beek
EM, Swarts HJ, Mattheij JA, Sawadogo L. Effect of
aqueous extract of Acacia nilotica ssp adansonii on milk
production and prolactin release in the rat. ] Endocrinol.
2004;182(2):257-66. doi:  10.1677/j0e.0.1820257.
Knight CH, Docherty AH, Peaker M. Milk yield in rats in
relation to activity and size of the mammary secretory cell
population. ] Dairy Res. 1984;51(1):29-35. doi: 10.1017/
$0022029900023293.

Sevrin T, Alexandre-Gouabau MC, Darmaun D, Palvadeau
A, André A, Nguyen P, et al. Use of water turnover method
to measure mother’s milk flow in a rat model: application
to dams receiving a low protein diet during gestation and
lactation. PLoS One. 2017;12(7):e0180550. doi: 10.1371/
journal.pone.0180550.

Paramshivn S, Ramesh G, Ushakumary S. Histological
observations on the capsule and connective tissue stroma
of mammary gland in Madras Red sheep (Ovis aries). Asian
J Sci Technol. 2014;5(5):292-4.

Neville MC, McFadden TB, Forsyth L

regulation of mammary differentiation and milk secretion.

Hormonal

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Lactogenic activity of P. indica

J] Mammary Gland Biol Neoplasia. 2002;7(1):49-66. doi:
10.1023/a:1015770423167.

Moreno-Villares JM, Germdan-Diaz M. Human milk as a
bioactive food. In: Watson RR, Preedy VR, eds. Bioactive
Food as Dietary Interventions for Diabetes. 2nd ed.
London: Academic Press; 2019. p. 425-45. doi: 10.1016/
b978-0-12-813822-9.00029-1.

Lawrence RA. Physiology of lactation. In: Lawrence RA,
Lawrence RM, eds. Breastfeeding. 9th ed. Philadelphia:
Elsevier; 2022. p. 58-92. doi: 10.1016/b978-0-323-68013-
4.00003-1.

Wan EW, Davey K, Page-Sharp M, Hartmann PE,
Simmer K, Ilett KE. Dose-effect study of domperidone as
a galactagogue in preterm mothers with insufficient milk
supply, and its transfer into milk. Br J Clin Pharmacol.
2008;66(2):283-9. doi: 10.1111/j.1365-2125.2008.03207 x.
Turkyilmaz C, Onal E, Hirfanoglu IM, Turan O, Kog E,
Ergenekon E, et al. The effect of galactagogue herbal tea on
breast milk production and short-term catch-up of birth
weight in the first week of life. ] Altern Complement Med.
2011;17(2):139-42. doi: 10.1089/acm.2010.0090.

Foidart JM, Colin C, Denoo X, Desreux J, Béliard A,
Fournier S, et al. Estradiol and progesterone regulate the
proliferation of human breast epithelial cells. Fertil Steril.
1998;69(5):963-9. doi: 10.1016/s0015-0282(98)00042-9.
Dickerson SS, Kemeny ME. Acute stressors and cortisol
responses: a theoretical integration and synthesis of
laboratory research. Psychol Bull. 2004;130(3):355-91. doi:
10.1037/0033-2909.130.3.355.

Rushen ], Nay TS, Wright LR, Payne DC, Foxcroft GR.
Stress and nursing in the pig: role of HPA axis and
endogenous opioid peptides. Physiol Behav. 1995;58(1):43-
8. doi: 10.1016/0031-9384(94)00375-f.

Rushen J, Foxcroft G, De Passillé AM. Nursing-induced
changes in pain sensitivity, prolactin, and somatotropin
in the pig. Physiol Behav. 1993;53(2):265-70. doi:
10.1016/0031-9384(93)90203-r.

Lau C. Effects of stress on lactation. Pediatr Clin North Am.
2001;48(1):221-34.d0i:10.1016/s0031-3955(05)70296-0.
Casey TM, Plaut K. The role of glucocorticoids in secretory
activation and milk secretion, a historical perspective. |
Mammary Gland Biol Neoplasia. 2007;12(4):293-304. doi:
10.1007/s10911-007-9055-3.

Weaver SR, Hernandez LL. Autocrine-paracrine regulation
of the mammary gland. J Dairy Sci. 2016;99(1):842-53. doi:
10.3168/jds.2015-9828.

http://www.herbmedpharmacol.com

Journal of Herbmed Pharmacology, Volume 12, Number 3, July 2023 387


http://www.herbmedpharmacol.com

