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ARTICLE INFO ABSTRACT

Received on: 24/11/2021 Porcine placenta extract (PPE) is an effective pharmaceutical and cosmetic ingredient, despite its high bioavailability.

Accepted on: 13/05/2022 Despite this, only a few studies on the extract’s effect on human osteoblast cellular behavior have been conducted.

Available Online:04/08/2022 This study used hFOB 1.19 cells to demonstrate the mechanism by which a novel potent osteogenic compound that
was discovered by stimulating the growth, alkaline phosphatase secretion, mineralization, and osteogenesis markers of
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$NW DQG F -XQ 1 WHUPLQDO NLQDVH -1. SKRVSKRU\ODWLRQ inQ DGGL!

Placenta extract, porcine, vito ERQH IRUPDWLRQ WKDW PD\ SURYLGH WKH EHQH¢FLDO SRWHQWLDO

osteoblast, ontogenesis,
0steoporosis.

INTRODUCTION the risk of fractureQurtiset al, 2015. It is imperative that new,

As bones grow and changes throughout a person’se€ss toxic agents are developed for osteoporosis prevention and
lifetime, osteoblasts and osteoclasts work together to continuousliréatment. Numerous drugs have been developed to help prevent
and precisely remodel the bones. The most common cause @nd treat this condition. In contrast to the traditional prevention
imbalanced bone remodeling is the deregulated coupling betweefpcus on other trace elements such as calcium and vitamin D, the
the major bone cells, the increment of osteoclast resorptonLGHQWL,(FDWLRQ RI PXOWLSOH QXWULHQ
activity over osteoblast bone formation rate, or the declinationhas been made possible by recent preclinical strategies for
of bone turnover rate. Osteoporosis is a common bone disease prevention. It has been demonstrated that natural products, in
adults and is the consequence of this prodasgl¢ et al, 2003; particular, can be valuable sources of novel osteoporosis drugs
Rachneetal,2011 1HZ UHVHDUFK LQGLFDWH \(StNHKnDawt H,R@QY). WHUP XVH RI
antiosteoporotic drugs may have negative health effects on humans, Afemale mammal’s placenta is a temporary organ which
despite their ability in order to boost bone strength and reducgyrows during pregnancy. The placenta acts as a blood vessel

connecting the mother’s uterus to the fetus to allow oxygen and
QXWULHQWY WR ARZ W RapaKaHd GHAYOHID R S L C
. 2021). As a consequence, the placenta generates and enriches
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as porcine, bovine, and humans, and has been shown to improveedium was replaced with an osteogenic induction medium (0.1

the effectiveness of biological and therapeutic applications such—0 GH[DPHWKDVRQH PO JO\FHURSKR
as increasing personal health and ene@yggs, 201)3 promoting of ascorbic acid) containing PPE at the desired concentration
hair regrowth Kim et al, 2020, reducing and relieving pain and incubated for 3, 5, and 7 days. Treated cells were washed
(Park and Cho, 20)7 and increasing wound healing activity WZLFH ZLWK D 3%6 VROXWLRQ EHIRUH D
(Shukla et al, 2004 DORQJ ZLWK DQWL LQAZBP RIS WrEdase Mibitdt \db¥ktail and lysed using ultrasonic
(Heo et al, 2019, antimicrobial propertiesk(ing et al, 2007, VRQLFDWLRQ 7KH H[WUDFW SURWHLQ ZI
and antioxidant effect&kpzanoveet al, 20129. Some studies have centrifugation, and enzyme activity was measured by using
shown that porcine placenta extract (PPE) has an enhancemeQbbas ¢ 111 analyzers.

effect on osteoblasts. According to a recent study, the placenta

regulates ER stress and the production of reactive oxygeMineralization assay

species in osteoblastseget al, 2016 ZKLOH SODFHQWDO Gdedkl Yoktéablast cells were grown overnight at a
adherent cells prevented bone loss and promoted bone formatiagensity of 5 x 1 FHOOV SHU ZHOO LQ D ZHOC
by inhibiting the formation of osteoclasts and stimulating the The cell culture medium was replaced with an osteogenic
differentiation of osteoblasts in the hastét al, 201). Therefore,  induction medium containing PPE at the desired concentration
understanding the mechanism underlying this process would b@nd incubated for 7 and 14 days. Cells were then washed twice
highly valuable in evaluating the effect of PPE in awitro assay. ZLWK D 3%6 VROXWLRQ EHIRUH ¢[LQJ ZL!
The present study demonstrates that PPE can enhance humap minutes. Subsequently, the cells were stained with Alizarin
osteoblast activity, including cell proliferation differentiation red and photographed under an inverted microscope to observe
and mineralization, mediated by induction of the prosurvival pL. QHUDOL]DWLRQ 7KH OHYHO RI FDOFLX
signaling pathway. These results suggest that a possible source gf elution of Alizarin red with 10% acetic acid, and the light
bioingredients from agricultural industry waste for osteoporosisapsorbent was measured at 405 nm. Data is presented as relative

WUHDWPHQW DQG SUHYHQWLRQ D FF R UdheQdntHIRn¥osiEbYdhiccid@hioR m¥ldiuky 33 (

MATERIALS AND METHODS RNA extraction and real-time polymerase chain reaction

Cell culture (PCR)

Human osteoblast hFOB 1.19 cells were purchased - hFOB 1.19 cells were treated with an osteogenic
from the American Type Culture Collection (ATCC). Osteoblast induction medium and/or with PPE for 4 days. Nucleic acid
cells were maintained to standard guidelines of good cell cultureZ PV H[WUDFWHG ZLWK WKH 7RWDO 51% 0
practice in a 1:1 mixture of Ham's F12 Medium to Dulbecco's SHU WKH PDQXIDFWXUHUfV UHFRPPHQGD)
ORGL{HG (DJOHYV OHGLXRPOXUWDRLQHP &nherizes yging the Tetro cDNA synthesis kit (Bioline, UK)
phenol red). G418 0.3 mg/ml was added to the base medium, an® QG UHDO WLPH 3&5 ZDV SHUIRUPHG 3UL

IHWDO ERYLQH VHUXP ZDV VXSSOHPHQ VPG 1DWE g9eng @hiessior (WasH analyeed g3 fe) relative
TXDQWL;FDWLRQ ZLW¥’ nrkalized M@K tHe/ R |

Preparation of PPE GAPDH expression level.

The PPE was obtained from the Faculty of Sciences,
Mabhidol University, Bangkok, Thailand. The porcine placenta was
washed and homogenized in a phosphate buffer saline (PBS) solution. Human osteoblast cells were treated with PPE with or
Subsequenﬂy, the sonication and Centrifugation of the homogenawithout inhibitors at the indicated concentration. The cells were
were conducted at 4°C for 1 hour. Eventually, the supernatant waV KHQ ZDVKHG ZLWK LFH FROG 3%6 DQG LC
FROOHFWHG DQG VWHULOHO\ ,OWUDWHE WKWK 5,35 X148 WHIWR WK HQuRRDBARQWY UD
assay was performed to measure the protein concentration that thd/ KH %UDGIRUG DVVD\ 7KH SURWHLQ ZDV

Western blot analysis

PPE lastly labeled with the exact concentration. electrophoresis and transferred onto PVDF membranes. After
blocking with a 5% skim milk buffer, the membrane was then
Cell viability assessment using MTT assay LQFXEDWHG DQG JHQWO\ DIJLWDWHG ZLWK

Cell viability was determined by the MTT assay. In DQWL (5. DQWL S-1. DQWL -1. DQWL DF
brief, seeded osteoblast cells were grown overnight at a densitfCST, MA) at 4°C overnight. After that, the membranes were
of 5x1¢6 FHOOV SHU ZHOO LQ D ZHOO FHOWKEOWX® M QFXEWWHSIZLAPK +53 OLQNH
then added in distinct concentrations and incubated for desire/lA) for 1 hour at room temperature. The incubated membranes
incubation times. At the end of incubation, the MTT reagent waswere washed twice and the expression signal was detected by using
dispensed and sequentially incubated for 4 hours. The Dimethy& KHPL'RFE ;56 DQG DQDO\]HG E\ ,PDJH /DE
VXOIR[LGHVY '062 VROXELOL]JHG IRUPD D_(%_ FU\VWDO ZDV XVHG WR
measure the light absorbance by a microplate spectrophotometétt@tistical analysis

at 570 nm. The cell viability was calculated as follows: [(PPE $00 YDOXHV DUH SUHVHQWHG DV

treated Abs570)/(control Abs570)] x 100 (%). ZD\ DQDO\VLV RI YDULDQFH ZDV XVHG
differences between groups, accompanied by the Tukey—Kramer

Alkaline phosphatase activity measurement test regarding appropriatiop.value < 0.05 was accounted as a

Osteoblast cells were grown overnight at a density of L VWDWLVWLFDOO\ VLIQL,{FDQW GLIIHUHQF|
x1¢® FHOOV SHU ZHOO LQ D ZHOO FHO GsifgCoaphXad RArisnv&sdm7. 7TKH FHOO FXOWXUH
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Tablel. 3ULPHU VHTXHQFHV IRU TXDQWLWDWLYH UHDO WLPH 3&5

Gene name Primer sequences Product size (bp)

) %o &PTHFFETTT***&$*$$**$ %o

ALP 166
5 % &7$*&&&&SIES$*S*7TT7T*&ES %o
) %o $*&&*&TT&$&&ET&EE*& %o

CcoL1 82
5 % T7T777*7$77&$$7&$&7*7&TT7*&& %o
) %o $7*$*$*&&E&TE&ESE&PETEETE& %o

OCN 267
5 % *&&*T7T$*$$*&*&&*$TH**& %o
) %o &&T$**&*&BTTT&E*$T*$7 %o

RUNX2 441
5 % 7$*&*7*&7*&&STT7T&*$ %o
I-? %o *FEFFTHFEFAHFTEK**E*T & %o

*O\FHUDOGHK\GH SKRVSGAPDHH G K\GURJH%DVH 266
5 %o *$P$FFTIFTHFTFHF*ETTITE& %o

A Il Control

PPE 31.25 pg/ml
I PPE 62.5 pg/ml
Bl PPE 125 pg/ml
100 Bl PPE 250 pg/ml
Bl PPE 500 pg/ml

125+

50+

% Cell viability

B Il Control

PPE 3.125 pug/ml
9 PPE 6.25 pg/ml
BN PPE 12.5 ug/ml
1204 Il PPE 25 pg/ml

130+

*

—_—

1104

1004-

% Cell viability

90+

80-

Figurel. 33( DFWLYDWHG RVWHREODVW SUROLIHUDWLRQ $ &\WRWR[LFLW\ VFUHHQLQJ RI 33( RQ
FRQFHQWUDWLRQ RI + —J PO RQ KXPDQ RVWHREODVW FHOOV K)2% FHOOV ZHUH VHHGHC
PPE. Cell viability was accessed using the MTT assay. Data presented as % cell viability normalizing with control. Each value is expressed as mean + SEM
(n=9).pvalue < 0.05 was included as a statistically significant difference.
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Figure 2. PPE enhances osteogenic phenotypes of human osteoblast cells. hFOB 1.1.9 cell was treated with an osteogenic induction medium supplemented with
PPE at the indicated concentration. (A) ALP enzyme activity was measured from total cell lysate at days 3, 5, and 7 and showed as an international unit enzyme.
(B) Treated cells were stained with Alizarin red and photographed under an inverted microscope and subsequently eluted for quantification compartment (C).
Each value is expressed as mean + SEM§).p value < 0.05 was included as a statistically significant difference.
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10.0- RESULTS

PPE-induced osteoblast proliferation
To optimize the nontoxic concentration of PPE, hFOB

T 1.19 cells were incubated with various concentrations of PPE at
07 + —J PO DQG YLDELOLW)\ ZDV REVHUYH
VKRZ WKDW KLIJK FRQFHQWUDWLRQV RI 33(

2.5 :[ suppressed the viability of osteoblasts. Medium concentrations
+ —J PO VOLJKWO\ VXSSUHVVHG WEK

0.0 hours, whereas low concentrations of PPE did not affect osteoblast

€ &S viability (Fig. 1A). Therefore, the optimal concentrations of PPE
o P IRU XVH LQ WKLV VWXG\ ZHUH + —J PO
The optimal concentration of PPE was further
10.01 investigated for osteoblast proliferative effect. After coincubation
ZLWK 33(IRU GD\V + —J PO RI 33( VL
7.5 I cell proliferation rate when compared with the control group

(Fig. 1B). The peak of cell proliferation was detected at day 5
5.04 regarding PPE concentration, suggesting that a low concentration
of PPE could induce osteoblast proliferation.
259 gla PPE enhanced osteogenic activity of osteoblast cells
Osteoblast maturation is a crucial process for bone
0.0-

N formation, which increases alkaline phosphatase (ALP) enzyme
production, matrix deposition, and mineralization. The present

QQé" & & study investigated the context of PPE on osteoblast maturation by
30- measuring ALP activity and mineralization. The results show that
33( VLIQL,;FDQWO\ LQFUHDVHG $/3 HQ]\PH
251 WKH FRQWURO ZLWK DQ LQFUHPHQWDO H
201 (Fig. 2A). Moreover, PPE could enhance calcium deposition
demonstrated by overstaining of red color when compared with
the induction medium group, as showrFigure 2B 7R FRQ¢{UP

7.5

Relative expression of ALP

Relative expression of COL

Relative expression of OCN
P

1.04 stained cells were eluted, and the light absorbent was measured.
The results demonstrate that increasing PPE concentration
051 VLIQL;FDQWO\ HQKDQFHG PLQHUDOL]DW
0.0 (Fig. 2Q. From these results, it can be concluded that PPE
o&@‘ \\9‘& \»\&\ \@@ positively enhances osteogenic activity involved with the
C P WP activation of human osteoblast maturation.
& & <
12.5- PPE promotes osteogenesis-related markers
x 7R IXUWKHU FRQ,UP WKH RVWHRJH
100 KXPDQ RVWHREODVWYV 33( WUHDWHG FH
25] i UHODWLYH H[SUHVVLRQ RI RVWHRLPHQHVL

COL1 (collagen type 1)OCN (osteocalcin), anRUNX2 5XQW
related transcription factor 2) genes. PPE treatment markedly
increased the expression level$\f, COL1 andRUNX2genes;
SHDN H[SUHVVLRQ ZDV REVHUYHG DW
expression level of th©CN gene showed an increasing trend
compared with the osteogenic induction medium gratig. (3.

g
o

—

Relative expression of RUNX2

e
o

) @5 o «»"\\’& Importantly, PPE promoted osteogenesis differentiation of human
K

& & & osteoblasts.

Q Q

Figure 3. 33( SURPRWHV RVWHRJIHQHVLV UHODwH & PFHGed phosphorylation giFRIH(Z, Akt and INK
VHHGHG LQWR D ZHOO SODWH DQG VXEVHTXHQWO\ TIerxti@aion 6f the WIKPK] MKTH andRINK SRyn &R F
induction medium or PPE at the indicated concentration for 4 days. The Ce”“'aEathways is well known to be associated with cellular proliferation

P51$%$ ZDV H{WUDFWHG DQG WKH H[SUHVVLRQ RI Vwﬁ;ﬁféﬁﬁﬁ’q}%%ﬁﬁgﬂé%ﬁﬁﬁ%ﬁ%ﬁrﬁ%@‘@é’égrchers
f PP cli

XVLQJ UHDO WLPH 3&5 'DWD ZDV FDOFXODWHG . / ) )
osteogenic induction medium group. Data are shown as the mean ;nsgy ( INvestigated the. eﬁeCtS_ 0 on th? induction of th_e §|gnallng
p value < 0.05 was included as a statistically significant difference. pathway associated with osteogenesis. The results indicate that
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Figure 4. PPE induced phosphorylation of Akt, ERK1/2, and JNK. (A) hFOB 1.19 cells were incubated

ZLWK DQG ZLWKRXW LQGLFDWHG 33( FRQFHQWUDWLRQ DQG WLPHV 7KH VXUY
were determined by using immunoblotting. (B) Additional incubation with LY294002, PD98059, and

63 IRU 0 RQ 33( WUHDWPHQW DWWHQXDWHG VLIQDOLQJ SURWHLQ RYHU
as protein loading control of immunoblotting experiment.

PPE induced phosphorylation of Akt, ERK1/2, and JNK as early(Lee et al, 2013 DQG SOD\ D UROH DV DQ DQ
as 5-30 minutes after the addition of PPE to the hFOB 1.19 celimprove metabolic functionsNgnsatet al, 2021 ,QVXOLQ Ol
lines, respectivelyHig. 4A). Phosphorylation reached a maximum JURZWK IDFWRU LV D NH\ UHJXODWRU I
level at 5-60 minutes after exposure and then decreased. These amethe placenta, which is associated with the activation of type
FR Q ¢ U FFlg@Ge BUBthe addition of LY294002 (Akt inhibitor), | collagen synthesis in osteosarcoma céflsdp et al, 199§.
PD98059 (ERK inhibitor), and SP600125 (IJNK inhibitor) that Active components in PPE that are entirely used in the present
PPE treatment condition attenuated the phosphorylation ofVWXG\ DUH DOVR FKDUDFWHUL]JHG E\ /& (
Akt, ERK1/2, and JNK, respectively, when compared with the against the domestic porciiss scrofgproteome database. The
untreatment condition. These suggest that PPE is involved in th®PE in this study consists of 391 protein sequences from the entire
LQGXFWLRQ RI WKH (5. 3, . $.7 DQG -144Y prd@BsOTh® Jese@aheK ZUnd&sts the PPE in this study is
The molecular mechanism of PPE was further PRVWO\ FRPSULVHG VLJQDO LQYROYHG S
investigated, targeting cell cycle regulatory protein, which GLVXOSKLGH E R&IGmSHdiRRVbth@Ngthae, 2D20
is involved in cell cycle transition from the GO to S phase. 7KLV VXJJHVWV WKDW WKH VLJQDO DVVR
Interestingly that PPE markedly induced the expression of themportant function in the induction of osteoblast differentiation,
cyclin D1 protein. In addition to the inhibitory effect of the VXFK DV LQVXOLQ OLNH JURZWK IDFWRU
signaling proteinKig. 4B DOO RI WKHP DWWHQXdotevddiG 33( LQGXFHG
overexpression of cyclin D1. This indicates that the induction LWK —J PO RI 33( HHIWUDFW RV W|
effect of PPE on osteoblast proliferation is likely associated withwas induced without toxicity. The low concentrations of PPE
overexpression of cyclin D1 and is mediated by phosphorylationexhibited bioactivities greater than higher concentrations, which

of ERK1/2, Akt, and JNK signaling. may be associated with the toxicity from the high protein content
of the extract. This is similar to other preparations of PPE in that
DISCUSSION + —J PO RI HHWUDFW DFWLYDWHV FHO

Osteoblasts are mesenchymal cells that play a majohigher concentrations of toxicitjnjamuraet al, 2017. Moreover,
role in osteogenesis, including synthesizing the bone matrixthe researchers also investigated the effect of PPE in various cell
and coordinating the mineralization of the skeleton. This studyW\SHY LQFOXGLQJ HQGRWKHOLDO FHOOV
demonstrates the effectiveness of PPE on osteogenic activityhich PPE was found to exhibit bioactivity at low concentrations
HQKDQFHPHQW 33( SUR¢(FLHQWO\ LQGXFEDRYRWH VKRR2 QYW BIROHLIRIWH WLRQ PO
DQG GLIIHUHQWLDWLRQ ZKLFK ZDV U H Atityha#tiddse o\inke3tigbtdid3tHdgeniO=atlity orStébbladié ASs
RVWHRJHQHVLY UHODWHG PDUNHUV D Q#ell Rio@riridwrohe fordvatith@ mainly mediated by osteoblasts
Several bioactive compounds are components of PPBEwyhich either increase the osteoblast proliferation or induce
that have been extensively studied for their potential to improvepsteoblast differentiationDiucy et al, 200Q. PPE dramatically
skin care agaeet al, 2020, strengthen immune function increased osteoblast proliferation on day 5 and slightly induced
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it on day 7. The extract likely enhances osteoblast proliferationdifferentiation, and mineralization. In addition, the researchers

5 days after maturation. As shown kigure 3 PPE markedly FRQ¢UPHG WKH SRVLWLYH EHQH WV RI |

enhanced ALP production and mineralization after 7 days. Thesd hese results suggest that PPE is a potential bioactive compound

SKHQRW\SHVY LQGLFDWH WKH SUR¢FLH®@W sumRisite Undustriz wass( tHRIQCORIY MnkaRde @Sevhlast

maturation and differentiation enhancement. activity for osteogenesis. Further investigation of active
7KH LQGXFWLRQ RI RVWHREODVW @aingrediertof\RPE \and fher gflpciverrsd inamrpimodels is

by the upregulation of osteogenic genes that are involved in bong&gquired to improve clinical applications for bone disorders.

formation markersRunx2genes play an important function as

WUDQVFULSWLRQ IDFWRUV IRU RWKHUARMNIMELDEMNESSURWHLOQVY 2XU ¢QGLQJV

demonstrate that PPE enhances the expressi®ummt2 ALP, _ The authors thank Kumphune S. for providing essential

COL1, andOCN genes, indicating that PPE induced osteogenicChemicals and excellent suggestions.

maker through upregulationBfinx2 It has been shown tHatinx2 FINANCIAL SUPPORT ‘

LV WKH FHQWUDO UHJXODWRU RI ERQH IRUPDWLR ZKLFK LV LQHAXHQFHG E\

PDQ\ VLIQDOV VXFK DV ¢ EH®RE ap2eos:; JURZ WK’ [ORPwWRYX G KDV EHHQ TXQGHG E\ W

Kim et al, 1998 and bone morphogenetic proteinl2:¢ et al, Higher Education Science Research and Innovation Policy

2003.Runx2 GHOHWHG PLFH FDXVHG RVWHR 59“@{/'\\;({){?'(@ JdEgﬂ'ngggr‘#SS' éhlj é’g%ﬂfg'ﬁaﬂ%}we% oc

to form bone Qttoet al, 1997. Moreover, the level of functional

Runx2 LV DOVR UHVSRQVLEOH IRU ERQHFE m Eﬁéjt”th\%?\fg%rﬂEQt"uégjﬁf@H%‘E\'r[‘)”ngﬂoguR‘

(Maruyamaet al, 2007. Therefore, upregulation dRunx2by 8OLW IRU IDWLRQDO &RPSHWLWLYHQHVV
PPE enhancement could provide a therapeutic application in bonEnergy Supplement (Thailand) Limited, and Mahidol University

disorders.
Activation of growth factor receptors subsequently (Grant number C10F640021).

results in phosphorylation of the MAPK pathway. It has been AUTHORS' CONTRIBUTIONS
reported that FGF induced ERK MAP kinase phosphorylation WS, CN, WK, and AJ originated and outlined

and later inc_reaseB_uquand was involved in the_i_nduction of experiments: WS conducted the experiments; WS, CN, and AJ
osteoblast differentiationP@rk et al, 2010. In addition to the interpreted the data: AJ, WK, TS, and RT provided laboratory

3, . SNW VLJQDOLQJ SDWKZD\ WKLV VLiJQRt AhRihdrstbhPiodtéatdtiaRRNdt Sredardtion.

a critical pathway for the differentiation of skeletal component

cells, including chondrocytes and osteoblagt& R VK & KR X GBONFLICTS OF INTEREST

et al, 2002;Hidaka et al, 200). A lack of Aktl and Akt2 is 7KH DXWKRUV GLVEORVH WKDW WK
the cause of delayed bone developmépenget al, 2003. interest in this paper.

Interestingly, regulation of osteoblast differentiation and

PLJUDWLRQ LV FRRSHUDWLYHO\ GHSHAENAMVABLEY 3, . $NW VLIQDOLQJ

and Runx2 The present study presented the effect of PPE on All the data generated in the study is included in the
the induction of ERK and Akt phosphorylation. Moreover, PPE article itself.

DOVR XSUHJXODWHG WKH SKRVSKRU\ODWLR RI -1. 7KLV ¢QGLQJ LV LQ
accordance with a previous study which showed that INK is a ke)ETHICAL PPROVAL

mediator of osteoblast differentiation and mineralization activity This study does not include any experiments on humans
(Xu et al, 2017. Taking these data together, PPE regulatedOr animals.

and enhanced the proliferation and differentiation of human ,

RVWHREODVWY PHGLDWHG E\ HLWKHU WI%HSHEB%’%%TI%\ILQDVH 3, . $NW

and JNK signaling pathways and/or subsequent upregulation of his journal remains neutral with regard to jurisdictional
Runx2 (Graphical Abstract). In this study, we intently present FODLPV LQ SXEOLVKHG LQVWLWXWLRQDO
the osteogenic activities of PPE in terms of basic characteristicy creRENCES

anq ma_ln moIeF:ular mecha_nlsms in human OSteOblaS_ts' Al.thqugh Boyle WJ, Simonet WS, Lacey DL. Osteoclast differentiation

an in vitro setting appropriately demonstrates the bioactivities 5,y activation. Nature, 2003: 423:337-42.

RI 33( IXUWKHU LQIRUPDWLRQ LV VWLOO F ik R HiR e ¥HR Ruoric DA LHB, @urRRi &,
development. The effects of the compound on other bone cellsRPRUL 7 1DP 6+ .LP <- .LP +- 5\RR +0 5XQ[ |
such as osteoclasts, bone matrix conformationjravicd’o models induced Bmp2 expression during cranial bone development. Dev Dyn,

are urgently needed to prove the exhibition of the overall function2005; 233:115-21. N _
of PPE in bone remodeling Cross JC. Adaptability and potential for treatment of placental

functions to improve embryonic development and postnatal health. Reprod
Fertil Dev, 2016; 28:75-82.
CONCLUSION . o Curtis EM, Moon RJ, Dennison EM, Harvey NC, Cooper C.
The present study demonstrated the bioactivity of Recent advances in the pathogenesis and treatment of osteoporosis. Clin
PPE on human osteoblast activity, including cell proliferation, Med (Lond), 2015; 15 Suppl 6:592—6.
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Ducy P, Schinke T, Karsenty G. The osteoblast: a sophisticated Nensat C, Songjang W, Tohtong R, Suthiphongchai T, Phimsen
fibroblast under central surveillance. Science, 2000; 289:1501—4. S, Rattanasinganchan P, Metheenukul P, Kumphune S, Jiraviriyakul A.

*KRVK &KRXGKXU\ 1 $EERXG 6/ 1LVKBRXYFDQH &PORM@®YWD$ H{WUDFW LPSURYHV KLJI
ODKLPDLQDWKDQ / &KRXGKXU\ ** 5HTXL U kpairQam. BRIC CoroBementMedTher,2021; 21:66.
SKRVSKDWLG\OLQRVLWRO NLQDVH DQG $NW VHU L@l AVFKbrieR AR, Ctonidtbi D \DEnde QA RGINVAdIRKECO D V W
GLIITHUHQWLDWLRQ DQG 6PDG GHSHQGHQW RoSaévell IR F@iHp GWHE2QWWFOHIRS WLRIQS S-Ol$eh BR) Selby PB,
Chem, 2002; 277:33361-8. Owen MJ. Cbfal, a candidate gene for cleidocranial dysplasia syndrome, is

+HR -+ +HR < J/HH +- _.LP 0 6KLQ +essentilSdrefe0bld3tQiMerentiation and bone development. Cell, 1997;
LQIODPPDWRU\ DQG DQWL R[LGDWLYH HIIHF8V6ER1L.SRUFLQH SODFHQWD H[WUDFWV RQ

GLQLWURFKORUREHQ]JHQH LQGXFHG FRQWDFW @é&tihomEndl LRvmMthortita®e RHR PRoptdiiIH Q,WJanvilisri

Altern Med, 2018; 18:331. T, Ounjai P. Analysis of protein profile of crude porcine placenta extract.

Hidaka K, Kanematsu T, Takeuchi H, Nakata M, Kikkawa U, In: The 50th National Graduate Research Conference. King Mongkut's
+LUDWD 0 ,QYROYHPHQW RI WKH SKRVSKR L Ddtitdte o Teghtology La@ipabhdhgSBARGWOK Ciiland, Q2V. H %
VLIQDOLQJ SDWKZD\ LQ LQVXOLQ ,*) , LQGXFHG FKRRK KW KZidd QHH VHekap&utic VEfileet dP BodipURcture point
HPEU\RQDO FDUFLQRPD GHULYHG FHOO OLQ iHjetionwith piéntal exttaRtRrkkdde ostedar®ritté. LIRMBegr Med, 2017;
2001; 33:1094-103. 15:135-41.

,PDPXUD < +RQGD < ODVXQR . 1DNDPXUD 3DUMNQ2 -3 /[LP + - :RR .0 %DHN - + b5\RR
Effects of placental extract on cell proliferation, type i collagen production, DFWLYDWHG (5. PLWRJHQ DFWLYDWHG SURWHLQ
DQG $/3 VHFUHWLRQ LQ KXPDQ RVWHRYVDU F RaRdstdbitizat@nOLE)PHCIGehR2010; 285:8568-34.7 LV V X H

Biol, 2017; 26:157-60. 3HQJ ;' ;X 3= &KHQ 0/ +DKQ :LQGJDVVH
Kapila V, Chaudhry K. Physiology, placenta. In StatPearls. Jacobs J, Sundararajan D, Chen WS, Crawford SE, Coleman KG, Hay N.
StatPearls Publishing, Treasure Island, FL, 2021. Dwarfism, impaired skin development, skeletal muscle atrophy, delayed

.LP +- 5LFH '3 .HWWXQHQ 3- 7KHVOHIIbong developMdnt, u@IGmpPedEd adipogenesis in mice lacking Aktl and
mediated signalling pathways in the regulation of cranial suture morphogenesi&kt2. Genes Dev, 2003; 17:1352-65.
and calvarial bone development. Development, 1998; 125:1241-51. Phuapradit W, Chanrachakul B, Thuvasethakul P, Leelaphiwat S,

Kim MH, Kim K, Lee H, Yang WM. Human placenta induces 6DVVDQDUDNNLW 6 &KDQZRUDFKDLNXO 6 1XWU
KDLU UHJURZWK LQ FKHPRWKHUDS\ LQGXFH Ghnéanpiaterta. D Metd BsdoQTHai 20W;I8R:690R4. DSRSWRWLF
factors and proliferation of hair follicles. BMC Complement Med Ther, Rachner TD, Khosla S, Hofbauer LC. Osteoporosis: now and the
2020; 20:230. future. Lancet, 2011; 377:1276-87.

King AE, Paltoo A, Kelly RW, Sallenave JM, Bocking AD, Rozanova S, Cherkashina Y, Repina S, Rozanova K, Nardid O.
Challis JRG. Expression of natural antimicrobials by human placenta and3URWHFWLYH HIIHFW RI SODFHQWD H[WUDFWYV D
fetal membranes. Placenta, 2007; 28:161-9. in human erythrocytes. Cell Mol Biol Lett, 2012; 17:240-8.

. XGR < ,ZDVKLWD 0 ,JXFKL 7 7DNHGD < 7KH $huhao RCY WRIS3 AR)] MeétisaHick JI. Nutrition, bone, and
FROODJHQ VI\QWKHVLV E\ LQVXOLQ OLNH JU RagigKan InfevaRive phys@logyXdppréacR \CWHISE@asVRep) 2N1H;
6D26 FHOOV 3I0XJHUV $UFK + 9:184-95.

Lee HY, Chae HJ, Park SY, Kim JH. Porcine placenta hydrolysates Shukla VK, Rasheed MA, Kumar M, Gupta SK, Pandey SS. A
enhance osteoblast differentiation through their antioxidant activity andtrial to determine the role of placental extract in the treatment of chronic
effects on ER stress. BMC Complement Altern Med, 2016; 16:291. QRQ KHDOLQJ ZRXQGV - :RXQG &DUH +

Lee KH, Park HJ, Seo HG, Kim JH, Lim GS, Lee WY, Kim NH, Xu R, Zhang C, Shin DY, Kim JM, Lalani S, Li N, Yang YS,

Kim JH, Lee JH, Jung HS, Sung SH, Song H. Immune modulation effectof/LX < (LVHPDQ O 'DYLV 5- 6KLP -+ *UHHQEODYV
porcine placenta extracts in weaned the pig. J Anim Sci, 2013; 91:2405-1Xinases (JNKSs) are critical mediators of osteoblast activity in vivo. J Bone

/HH 0 + .ZRQ 7 * 3DUN + 6 :R]JQH\ -0 5NMR& Resp20%4;082:1811-5.

LQGXFHG 2VWHUL[ H[SUHVVLRQ LV PHGLDWHG E\ 'O[ EXW LV LQGHSHQGHQW RI
Runx2. Biochem Biophys Res Commun, 2003; 309:689-94.
Li X, Ling W, Pennisi A, Wang Y, Khan S, Heidaran M, Pal A,
Zhang X, He S, Zeitlin A, Abbot S, Faleck H, Hariri R, Shaughnessy JD Jr,
YDQ 5KHH ) 1DLU % %DUORJLH % (SVWHLQ - <DFFRE\ 6 +XPDQ SODFHQWD GHULYHG
adherent cells prevent bone loss, stimulate bone formation, and suppress growth
of multiple myeloma in bone. Stem cells (Dayton, Ohio), 2011; 29:263-73.

Maruyama Z, Yoshida CA, Furuichi T, Amizuka N, Ito M,
Fukuyama R, Miyazaki T, Kitaura H, Nakamura K, Fujita T, Kanatani
N, Moriishi T, Yamana K, Liu W, Kawaguchi H, Nakamura K, Komori How to cite this article:
T. Runx2 determines bone maturity and turnover rate in postnatal bon{ Songjang W, Nensat C, Tohtong R, Suthiphongchai| T,
development and is involved in bone loss in estrogen deficiency. Dev Dyn| Phimsen S, Rattanasinganchan P, Metheenukul P, Kasgkarn
2007; 236:1876-90. _ W, Jiraviriyakul A. Porcine placenta extract induced Akt,

Nagae M, Nagata M, Teramoto M, Yamakawa M, Matsuki T, | " epy and JNK signaling to heighten the osteogenic activity of

Ohnuki K, Shimizu K. Effect of porcine placenta extract supplement on . . . L
VNLQ FRQGLWLRQ LQ KHDOWK\ DGXOW ZRPH(J human osteoblast3.Appl Pharm Sci, 2022; 12(08):018-028,

controlled study. Nutrients, 2020; 12:1671.






