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ABSTRACT
Submited: 2019-03-27 Polyherbal formulation (PHF) containing extracts of Sauropus androgynous,
Accepted : 2019-05-29 Trigonella foenum-graceum and Moringa oleifera has been proven can induce

milk production in animal model. However, its molecular of action has not
been elucidated, yet. This study aimed to investigate the effect of the PHF on
the mRNA expressions of a-actin smooth muscle (ACTA2) and cytokeratin 14
(CK14) on the myoepithelial cells of the lactating rats mammary glands. Thirty
female Wistar rats were divided into five groups with six of each. Group
I was orally administered aquadest. Group II, III, and IV rats were orally
administered the PHF at dose level of 26.25, 52.5, and 105 mg/kg once a day, for
15 days, respectively. Group V was orally administered 2.7 mg domperidone.
On 16 day, rats were sacrificed. Mammary glands were isolated and processed
for mRNA expression analysis using real-time polymerase chain reaction
(qRT-PCR). The results demonstrated that the mRNA expression of ACTA2 and
CK14 increased in dose-dependent manner in the groups of PHF. Significantly
different between the Group III, IV, and V compared to Group I was observed
(p <0.05). However, there was no significantly different between Group IV and
Group V (p>0.05). In conclusion, the PHF increases the mRNA expression of
ACTA2 and CK14 on myoepithelial cells of the mammary glands on lactating
rats.

ABSTRAK

Sediaan poliherbal (SPH) yang mengandung ekstrak Sauropus androgynous,
Trigonella foenum-graceum dan Moringa oleifera terbukti dapat meningkatkan
air susu pada hewan coba. Namun mekanis aksi molekulernya belum pernah
dikaji. Penelitian ini bertujuan untuk mengkaji efek PHF pada ekspresi mRNA
a-actin smooth muscle (ACTA2) dan cytokeratin 14 (CK14) pada sel mioepitelial
kelenjar mamae tikus menyusui. Tiga puluh ekor tikus Wistar betina dibagi
menjadi lima kelompok dengan enam ekor setiap kelompok. Kelompok I
diberi akuades. Kelompok II-IV diberi SPH oral dengan dosis berturut-turut
26,25; 52,25 dan 105 mg/kg sekali sehari selama 15 hari. Kelompok V diberi
domperidone oral 2,7 mg. Pada hari ke 16, tikus dikorbankn. Kelenjar mamae
diambil dan dianalisis ekspresi mRNAnya dengan qRT-PCR. Hasil penelitian

Keywords: menunjukkan bahwa ekspresimRNA ACTA2 dan CK14 meningkat sesuai dengan
polyherbal formulation dosis pemberian pada kelompok SPH. Terdapat perbedaan bermakna antara
myoepithelial cell Kelompok III, IV dan V dibandingkan Kelompok I (p<0,05). Namundemikian,
a-actin smooth muscle tidak terdapat perbedaan bermakna antara Kelompok IV dan Kelompok V
cytokeratin 14 (p>0,05). Dapat disimpulkan, pemberian SPH dapat meningkatkan ekspresi
lactation mMRNA ACTA2 dan CK14 sel mioepitelial kelenjar mamae tikus menyusui.
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INTRODUCTION

Breastfeeding is essential for a child’s
health, development, and nutrition.
However, many mothers inadequately
breastfeed their infants after giving
birth due to emotional stress, anxiety,
and illness.! Therefore, the percentage
of exclusive breastfeeding in most
countries across the world, including
Indonesia, remains below the target set
by the World Health Assembly (at least
50 percent).?* Maternal perception of low
supply breastmilk is one of the reasons
for breastfeeding cessation.*®

Several kinds of efforts to increase
milk supply are being made, such as
improving infant sucking techniques,

initiating early breastfeeding, and
pharmacological interventions.
Domperidone, metoclopramide, and

oxytocin have been used to increase
the milk supply. However, their use
are restricted due to safety aspects,®’
Medicinal plants have been used
traditionally by the community as
alternative medicine to increase the
milk production in nursing mothers
with lack of breast milk in various
countries including in Indonesia. Some
these Indonesian medicinal plants are
Sauropus androgynous (local name
katuk),  Trigonella  foenum-graceum
(klabet), and Moringa oleifera (kelor).
In addition, these medicinal plants
have been proven to have galactagogue
effect.>®* In our previous study we
prepared a polyherbal formulation
containing these three plants and proved
its galactagogue effect in lactating rats
(data unpublished).

Milk ejection is necessary for
delivering the secreted milk stored
in the alveoli from mother to infant.
This mechanism is affected by the
myoepithelial cell, one of the mammary
gland’s main cells, which, in response
to oxytocin, produces contractile
activity.'*1> Myoepithelial cells express
a-actin smooth muscle (ACTA2), a smooth
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muscle actin isoform that provides
an essential function in myoepithelial
contraction and maintains the lactation.
Previous in vivo studies revealed that the
disruption of lactation occurred on rats
with ACTA2 null mammary glands.'>1¢ In
addition, filament-forming proteins in
myoepithelial cells called cytokeratins
provide scaffold structures within
cells to maintain tissue structure and
function.”®® Cytokeratin 14 (CK14), one
of the types of cytokeratins expressed
in myoepithelial cells, was thought to
play an important role in providing
resistance to mechanical stress and
maintaining cell proliferation. CK14
knockdown cell lines demonstrated cell
proliferation reduction and delayed
in cell cycle progression.’ Therefore,
where the conditions differ in ACTA2 and
CK14 expressions will show disruption
in myoepithelial cells and reduce breast
milk supply.1519:20

In this study we reported the effect
of the polyherbal formulation containing
the extracts of S. androgynous folium, T.
foenum-graceum seed, and M. oleifera
folium on ACTA2 and CK14 mRNA
expressions on myoepithelial cells of
lactating rat mammary glands.

MATERIALS AND METHODS

Study products

The polyherbal formulations
capsules were manufactured by a
traditional medicine industry in Banten,
Indonesia. Each capsule (500 mg)
contains three kinds of herbal extracts of
S. androgynous folium 300 mg, T. foenum-
graceum seed 150 mg, and M. oleifera
folium 50 mg.

Animal

Thirty pregnant female Wistar
rats, procured from the Department of
Pharmacology and Therapy, Faculty of
Medicine, Public Health and Nursing,
Universitas Gadjah Mada, Yogyakarta,
Indonesia were maintained under



standard laboratory conditions (room
temperature of 25 + 2°C and relative
humidity of 60 + 5%) with free access
to food and water ad libitum. Rats were
divided into five groups of six animals
each. Group I as negative control was
orally administered aquadest. Group II,
I1I, and IV rats were orally administered
the PHF at dose level of 26.25, 52.5, and
105 mg/kg once a day at 6.00 PM, for 15
days, respectively. Group V as positive
control was orally administered 2.7
mg domperidone, from 3 day to 15%
day of parturition. On 16™ day, rats
were sacrificed, and mammary glands
were isolated and processed for mRNA
expression analysis.

Quantitative real time PCR (qRT-PCR)

All the gRT- PCR assays were
purchased from Gene-All Hybrid and
used according to the manufacturer’s
instructions. gPCRs were performed
using One-Step qRT-PCR with KAPA
SYBR FAST Universal. Reactions of the
PCRs were conducted using the forward
primer GADPH (5-GCA TCC TGG GCT
ACA CTG AG-3"), ACTA 2 (5-TGT GCT GGA
CTC TGG AGA TG-3"), CK14 (5-CCT CTG
GCT CTC AAT CAT CC-3), and the reverse
primer GAPDH (5'TCC ACC CTG TTG
CTG TA-3"), ACTA2 (5'-TAG AGG TCC TTC
CTG ATG TC-3'), and CK14 (5-ATG ACC
TTG GTG CGG ATC T-3"). An individual
reaction was carried out using the
DT-Lite Real-Time PCR System (DNA
Technology) with a reverse transcription
at 42°C for 5 minutes, followed by
enzymatic activation at 95°C for 3
minutes, denaturation for 1-3 seconds at
95°C, and elongation for up to 20 seconds
at 60°C.

Gene expression levels were
calculated based on the cycle threshold
(Ct) value using the following formula:
Fold change = 2(_AACT), with a ACT = CT
ACTA2 or CT CK14 - CT GAPDH (internal
control). AACT = A CT (treatment)-A CT
(control).
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Statistical analysis

Data was analyzed using XLSTAT
Version 2019.1.2 for Macintosh OS
(Addinsoft, Boston, USA). Data was
expressed as the mean + standard
deviation (SD). Differences in gene
expression among multiple group
comparisons were first assessed by a
one-way analysis of variance (Anova)
followed by a Tukey post-hoc comparison
test with control animals. Significant
differences were defined as those with
a p-value smaller than 0.05. All the
calculations were implemented using
XLSTAT for Mac version 16.0.

Ethical considerations

The protocol was approved by the
Medical and Health Research Ethics
Committee (MHREC), the Faculty of
Medicine, Public Health and Nursing
at Universitas Gadjah Mada, and Dr.
Sardjito General Hospital, Yogyakarta
(Ref: KE/FK/0904/EC/2017).

RESULTS

The mRNA expression of ACTA2 and
CK-14 in the mammary glands of the
lactating rat were performed using qPCR.
These gene expressions were compared
between rat groups treated with three
different doses of PHF (Group II-IV) and
their respective control group (Group I
and V). The PHF treated groups showed
a dose-dependent increase of mRNA
expression of ACTA2 and CK14 during a
14-day lactation period.

As shown in FIGURE 1, the mRNA
expression of ACTA2 in mammary glands
indicated upregulation in all groups
(Group I-V). The negative control group
treated with aquadest (Group I) showed
the lowest expression of mRNA among
other groups, whereas the highest was
the positive control group (Group V).
The mRNA expression of the ACTA2 in
mammary glands of lactating rats treated
with 52.5 and 105 mg/kg PHF (Group II
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and III) significantly increased by 4.07
and 4.50 fold, respectively, compared
to negative control group (p<0.05).
However, no significantly different

between the mRNA expression of ACTA2
after treated with 105 mg/kg PHF (Group
IV) and 2.7 mg/kg domperidone as
positive control (Group V) was observed.
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FIGURE 1. The mRNA expressions of ACTA2 in mammary glands
of all group. Lactating rats treated with the two
highest doses of PHFs were significantly higher than
negative control group (aquadest). (*p <0.05).

The mRNA expression of CK14
in mammary glands also indicated
upregulation in all groups (Group I-V)
as shown in FIGURE 2. The mRNA
expression of the CK14 in mammary
glands of lactating rats treated with 52.5
and 105 mg/kg PHF (Group II and III)
significantly increased by 3.77 and 4.02

fold, respectively, compared to negative
control group (p<0.05). However, no
significantly different between the
mRNA expression of CK14 after treated
with 105 mg/kg PHF (Group IV) and 2.7
mg/kg domperidone as positive control
(Group V) was also observed.
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FIGURE 2. The mRNA expressions of CK14 in mammary glands of
all group. Lactating rats treated with the two highest
doses of PHFs were significantly higher than negative
control group (aquadest). (*p <0.05).
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DISCUSSION

The qRT-PCR measurements
showed PHF containing extracts of S.
androgynous, T. foenum-graceum, and
M. oleifera significantly increased the
mRNA expressions of both ACTA2 and
CK14 in the mammary glands of lactating
rats. The both genes are expressed in
myoepithelial cells. The mammary
epithelium consists of two cell layers,
the luminal and basal myoepithelial.
The luminal cells are involved in the
production and secretion of milk, while
basal myoepithelial cells contract to eject
milkduringlactation.?? Themyoepithelial
cells are contractile and the manner, as
well as some architectural characteristics
(caveolae, microfilaments, and dense
body), are considered somewhat similar
to smooth muscle.?? Myoepithelial
cells contain large quantities of
microfilaments, express smooth-muscle
specific cytoskeleton, and contractile
proteins. ACTA2 and cytokeratins 5,
14, and 17 are included as the markers
of myoepithelial cells.??? ACTA2, a
smooth muscle actin isoform, provides
an essential function in myoepithelial
contraction, and maintains the lactation.
Previous in vivo studies revealed that
the disruption of lactation occurred
in rats with ACTA2 null mammary
glands, so that they were unable to
productively nurse their offspring, as
the mammary myoepithelial contraction
and milk ejection was impaired.!>1®
Moreover, filament-forming proteins in
myoepithelial cells called cytokeratins
provide scaffold structures within cells
to maintain the tissue structure and
function.'”®® Cytokeratin 14, one of
the types of cytokeratin expressed in
myoepithelial cells, was thought to have
a function in providing resistance to
mechanical stress and maintaining cell
proliferation and integrity. Cytokeratin
14 knockdown cell lines demonstrated
cell proliferation reduction and was
delayed in cell cycle progression.®
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During lactation, myoepithelial cells
generate the contracting force required
to eject milk in response to oxytocin.?
Oxytocin induces the contraction by the
pulsatile release from the pituitary gland
and binds G protein-coupled receptors
on the surface of the myoepithelial cell.?
The contraction of myoepithelial cells is
regulated by myosin light chains (MLC).
Phosphorylation on the MLC induces
myosin ATPase activity, the binding of
myosin to actin, and contraction.?® In
addition, oxytocin also stimulates the
production of prolactin that is able to
vitalize lactation and mammary gland
development.?®

The increase of the mRNA
expressions of ACTA2 and CK14 in the
rat groups treated with PHF might be the
result of the synergistic mechanism of
upregulated hormones in the lactation
period and the effect of PHF contents.
These both genes are considered highly
expressed in myoepithelial cells as
the result of oxytocin stimulated by
pups sucking and the PHF contents.
Papaverine in S. androgynous leaves
might influence the blood vessels
dilatation that provides the oxytocin
hormone circulation become more
smoothly through the bloodstream.!
Moreover, S. androgynus leaves contain
sterol that plays a role in the hormone
precursor and increases estrogen
production, which was also found in M.
oleiferaleaveslike stigmasterol, sitosterol
and kampesterol.” An estrogen-like
effect or phytoestrogen and diosgenin (a
type of steroidal sapogenin) in fenugreek
or T. foenum-graceum are considered the
cause of the galactagogue effect in this
plant. Estrogen hormone has aregulatory
function for oxytocin by influencing its
transcription, which, in turn, stimulates
the secretion of oxytocin and eventually
a contraction of myoepithelial cells.*?’

We wused domperidone as the
reference drug, as this drug is widely
used as a galactagogue. It has a potent
antidopaminergic effect on D2 receptors
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of the lactotrophic cells of the anterior
pituitary gland. As domperidone also
showed the ability to increase the mRNA
expression of ACTA2 and CK14, it might
be explained that the content in PHF has
a similar mechanism of action with the
drug. Papaverine content in PHF might
also lead to the blockage of the dopamine
receptor. Papaverine has a function
in inhibiting PDE10A, an enzyme that
predominantly regulates dopamine and
CAMP-regulated phosphoprotein, Mr
32 kDA (DARPP-32), which thus inhibits
protein phosphatase-1 (PP-1) and the
effects of dopaminergic signaling.
The inhibition of the signaling can
stimulate the prolactin release'??® and
consequently influence an oxytocin level
increase. Parker et al* suggested that
prolactin had a stimulatory action on
the release of oxytocin. This mechanism
can explain why PHF and domperidone
affect the contraction of myoepithelial
cells by showing a high mRNA expression
of ACTA2 and CK14 in mammary glands
in response to an increase in oxytocin.

CONCLUSION

In conclusion, the PHF containing
the extracts of S. androgynous, T.
foenum-graceum, and M. oleifera induces
the milk production on lactating rats by
increase the mRNA expression of ACTA2
and KC14 on the myoepithelial cells of
the mammary glands. Further study
will be conducted to evaluate acute and
subchronic toxicity in animal before
clinical study in human conducted.

ACKNOWLEDGEMENTS

This study was funded by Directorat
of Research Universitas Gadjah Mada,
Yogyakarta (Hibah Peningkatan Kapasi-
tas Dosen Muda UGM 2018). The authors
would like to thank Bellinda Liliana,
David Mills, Suroso, Mosarini Nurul Hi-
dayati, and Nureka Wiraditya for their
excellent technical support.

111

REFERENCES

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

2. Agency for Health Research and
Development. Indonesia basic health
research (Riskesdas) 2018. Jakarta:
Ministry of Health of the Republic of
Indonesia, 2018.

3. WHO/UNICEF. Global nutrition
targets 2025: Breastfeeding policy
brief (WHO/NMH/NHD/14.7).
Geneva: World Health Organization,
2014.

4. Mortel M & Mehta SD. Systematic
review of the efficacy of herbal
galactogogues. ] Hum  Lact
2013;29(2):154-62.
https://doi.org/10.1177/0890334413477243

5. Sahoo HB, Bhaiji A, Santani DD.
Lactogenic activity of Teramnus
labialis (Linn.) fruit with special
reference to the estimation of
serum prolactin and cortisol level
in nursing rats. Indian ] Pharmacol
2016;48(6):715-19.
https://doi.org/10.4103/0253-7613.194856

6. Rossi M & Giorgi G. Domperidone
and long QT syndrome. Curr Drug
Saf 2010;5(3):257-62.
https://doi.org/10.2174/157488610791698334

7. Paul C, Zenut M, Dorut A, Coudore
MA, Vein ], Cardot JM, et al. Use of
domperidone as a galactagogue
drug: a systematic review of the
benefit-risk ratio. ] Hum Lact 2015;
31(1):57-63.
https://doi.org/10.1177/0890334414561265

8. Sa’roni S, Sadjimin T, Sja’bani M,
Zulaela Z. Effectiveness of the
Sauropus androgynous (L.) Merr.
leaf extract in increasing mother’s
milk productions. Media Litbang
Kesehatan 2004;14:20-4.

9. Raguindin PF, Dans LF, King ]JF.
Moringa oleifera as a galactagogue.
Breastfeed Med 2014;9(6):323-4.



10.

11.

12.

13.

14.

15.

16.

17.

https://doi.org/10.1089/bfm.2014.0002
Khan TM, Wu DB, Dolzhenko
AV. Effectiveness of fenugreek
as a galactagogue: A network
meta-analysis. Phytother Res
2018;32(3):402-12.
https://doi.org/10.1002/ptr.5972
Agustini K, Wiryowidagdo S, Kusman
D. Pengaruh pemberian ekstrak biji
klabet (Trigonella foenum-graecum)
terhadap perkembangan kelenjar
mamae tikus putih betina galur
Wistar. Majalah IImu Kefarmasian
2007;1 V:26-36.

Soka S, Alam H, Boenjamin N,
Agustina TW, Suhartono TW. Effect
of Sauropus androgynus leaf extracts
on the expression of prolactin and
oxytocin genes in lactating BALB/C
mice. ] Nutrigenet Nutrigenomics
2010;3(1):31-6.
https://doi.org/10.1159/000319710
King. JS, Raguindin. PFN, Dans. LF.
Moringa oleifera (Malunggay) as
a galactagogue for breastfeeding
mothers: a systematic review
and meta-analysis of randomized
controlled trials. Philippine ] Pediatr
2013;61(2):34-42.

Plant T & Zeleznik A. Knobil and
Neill’s physiology of reproduction.
London: Academic Press, 2015.
Haaksma CJ, Schwartz R], Tomasek
J]. Myoepithelial cell contraction
and milk ejection are impaired in
mammary glands of mice lacking
smooth muscle alpha-actin. Biol
Reprod 2011;85(1):13-21.
https:/doi.org/10.1095/biolreprod.110.090639
Weymouth N, Shi Z, Rockey DC.
Smooth muscle alpha actin is
specifically required for the
maintenance of lactation. Dev Biol
2012;363(1):1-14.
https://doi.org/10.1016/j.ydbio.2011.11.002
Schweizer ], Bowden PE, Coulombe
PA, Langbein L, Lane EB, Magin TM,
et al. New consensus nomenclature
for mammalian keratins. ] Cell Biol
2006;174(2):169-74.

18.

19.

20.

21.

22.

23.

24.

25.

Yuliani FS, et al., Polyherbal formulation containing ...

https://doi.org/10.1083/jcb.200603161
Mackinder MA, Evans CA, Chowdry
], Staton CA, Corfe BM. Alteration in
composition of keratin intermediate
filaments in a model of breast cancer
progression and the potential to
reverse hallmarks of metastasis.
Cancer Biomark 2012;12(2):49-64.
https://doi.org/10.3233/CBM-120293
Alam H, Sehgal L, Kundu ST, Dalal
SN, Vaidya MM. Novel function of
keratins 5 and 14 in proliferation and
differentiation of stratified epithelial
cells. Mol Biol Cell 2011;22(21):4068-78.
https://doi.org/10.1091/mbc.e10-08-0703
Gimpl G, Fahrenholz F. The oxytocin
receptor system: structure, function,
and regulation. Physiol Rev
2001;81(2):629-83.
https;//doi.org/10.1152/physrev.2001.81.2.629
Moumen M, Chiche A, Cagnet S, Petit
V, Raymond K, Farldo MM, et al. The
mammary myoepithelial cell. Int J
Dev Biol 2011;55(7-9):763-71.
https://doi.org/10.1387/ijdb.113385mm
Arnoldi R, Chaponnier C, Gabbiani
G, Hinz. Heterogeneity of smooth
muscle. In: Hill ] ed. Muscle:
fundamental biology and mechanism
of disease. Amsterdam: Elsevier Inc.,
2012: 1183-95.
https;/doiorg/10.1016/B978012-381510-1.000880
Deugnier MA, Moiseyeva
EP, Thiery JP, Glukhova M.
Myoepithelial cell differentiation
in the developing mammary gland:
progressive acquisition of smooth
muscle phenotype. Dev Dyn
1995;204(2):107-17.
https://doi.org/10.1002/aja.1002040202
ReversiA, CassoniP, ChiniB. Oxytocin
receptor signaling in myoepithelial
and cancer cells. ] Mammary Gland
Biol Neoplasia 2005;10(3):221-9.
https://doi.org/10.1007/s10911-005-9583-7
Hartshorne DJ, Ito M, Ikebe M.
Myosin and contractile activity in
smooth muscle. Adv Exp Med Biol
1989;255:269-77.
https://doi.org/10.1007/978-1-4684-5679-0_30

112



] Med Sci, Volume 51, Number 2, 2019 April : 106-113

26.

27.

28.

113

Kennett JE & McKee DT. Oxytocin:
an emerging regulator of prolactin
secretion in the female rat. ]J
Neuroendocrinol 2012; 24(3):403-12.
https;/doiorg/10.11114.1365-2826.2011.02263x
Macdonald K, Macdonald TM. The
peptide that binds: a systematic
review of oxytocin and its prosocial
effects in humans. Harv Rev
Psychiatry 2010;18(1):1-21.

https://doi.org/10.3109/10673220903523615
Siuciak]JA, ChapinDS,Harms]JF, Label
LA, McCarthy SA, Chambers L, et al.
Inhibition of the striatum-enriched

29.

phosphodiesterase =~ PDE10A: a
novel approach to the treatment
of psychosis. Neuropharmacology
2006;51(2):386-96.
https;/doiorg/10.1016jneuropharm.2006.04013
Parker SL, Armstrong WE, Sladek CD,
Grosvenor CE, Crowley WR. Prolactin
stimulates the release of oxytocin
in lactating rats: evidence for a
physiological role via an action at
the neural lobe. Neuroendocrinology
1991;53(5):503-10.
https://doi.org/10.1159/000125764



