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l. Introduction

Lead, plumbum (Pb), one of the smoke's particle which causes

various adverse effects as pollutant on human health through

inhalation, also results in nucleus damage and cell apoptosis by its

accumulation effecttll. Pb toxicity can attack humans on various

ages, however, young people, pregnant women, and workers in

certain industries have a higher risk than other groups. Lead as

pollutant source has negative effect on pregnancy by entering

'(iorresporr,lirrg author: l\ i,l.iirrLi. Irt uItr
\ irlutr;gr" Surahavu, Lrl,*:'ia
t,-rua il: rsirli irt i I 961(aqr,ai Lr"ur

A3STItACT

Otrjective: To evaluate the effectiveness of hematopoietic stem cell (HSC) on TNF- q

expression, spiral artery rernodeling, and placental apoptosis. )lcthotls: The study used

pregnant mice divided to five groups of treatment: Group I, without treatment; Group 2, 1/12

LDru of lead and Aquadest; Group 3, l/16 LDs, of lead and Aquadest, Group 4, ll12LD$
of lead and I X 107 HSC; and group 5, l/16 LD50 of lead and I x 107 HSC. Histopathology

examination was performed to identify spiral artery remodeling. Immunohistochemistry

analysis was conducted to characterize TNF- o expression and the apoptosis index. The data

from all five groups were compared using the ANOVA test. Ilt'sults: TNF- a expression

differed signihcantly among the groups that were not exposed to lead, exposed to lead and

exposed to lead after HSC treatment (P<0.01). There was also a significant difference ofspiral

artery remodeling between groups without lead-exposed, lead exposed and lead exposed

followed HSC treatment (P<0.05). In apoptosis index evaluation there was a significant

difference between groups without lead-exposed, lead exposed and lead exposed followed HSC

treatment, but not in the groups of l/16 LDro of lead followed HSC (P>0.05). (ionclusiurrr

In lead-exposed pregnant mice, the administration of hematopoietic stem cell may decrease

TNF- a expression, spiral artery remodeling, and placental apoptosis index but in the group of

7116 LDso of Iead and HSC treatment, apoptosis index has no diff'erences with those of control

9r()lln

placenta and plays a role in inflammation problem, spiral artery

remodeling, and placental apoptosis. However. lead disturbs embryo

cleavage and implantation as well[2-4].

Hematopoietic stem cell (HSC) is multipotent cell isolated from

blood and bone marrow which can differentiate become variant of

This is an olxn rccess articlc distributcd undcr the tcrnrs of the Crcativc Commons
Altribution-Notr Commcrcial-Shuc Alike 3.0 License, which allows others to remix,
tweak and buid upon thc work non-cornmcrciully. as long as thc author is creditcd und
the new creations uc liccnscd under the identical terms.
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the cell. Nowadays the utilization of hematopoietic stem cell for

therapy is widely used. It is used for treatment due to its ability to

express gene or certain cells in the body[s.6].

In the present study, a pregnant mice model was established to

determine the effect of lead and hematopoietic stem cell treatment.

The objectives of the study were to evaluate the effectiveness

of hematopoietic stem cell on TNF- o expression, spiral artery

remodeling and placentaI apoptosis ofPb-exposed pregnant mice.

2. i\{atcrials arxl rnethods

This study was an experimental laboratory study using 35 pregnant

mice with complete random sampling design. Female mice (Mrr

rnrercu/rrs) were injected using pregnant mare serum gonadotropin

(PMSG) (Foligon) with the dose of 5 IU and human chorionic

gonadotropin (hCG) (Chorulon) 48 h after PMSG. After injection,

they were monogamously mated to fertile male mice, and the

examination of vaginal plugged was carried out l7 h after mated.

Pregnancy age and vaginal plugged were counted from day 0 of

pregnancy.

2.1. lrurl <nd. hurttttrtlxti.<'t.i.t: stetn tt'lL tri:otnx'ttt.

Thirty-five pregnant mice were divided into five groups. Group

l: without treatment. Croup 2: lead with a dose of ll12 50Volethal

dose (LDro) was injected from day 9 to day 15 and aquadest orally

was given on day 16. Group 3: lead with a dose of l/16 LDro was

injected frorn day 9 to 15 and aquadest orally was given on day

16. Croup 4: lead with a dose of lll2LDso was injected from day

9 to 15 and I X 107 hematopoietic stem cell was given on day 9

intravenous. Group 5: lead with a dose of l/16 LDro was injected

from clay 9 to 15 and I X 107 hematopoietic stem cell was given on

day 9 intravenous.

2.2. I lt'rnatoprtieti.r' sl.t:rtt ttLl rrx'tltorl

Intracardiac blood of female mice was taken and its peripheral

blood mononuclear cells (PBMCs) was filled-in l-5 mL tubes,

followed by adding sterile phosphate buffer saline (PBS). A 0.111

density of isopaque ficol was prepared and poured on the tube

containing the PBMCs and PBS, centrifuged at the temperature of 20

C for 5 min with I 600 r/min speed. Mononuclear cells were taken

into l5 mL tube and sterile medium was added for centrifuging

process. The supernatant was taken out, then slowly resuspended the

pellet using growing medium without damaging the cell membrane.

After that, the suspension was taken and entered into l0 mL sterile

disposable Petri dish and evaluated under an inverted microscope

for cell quantification. Furthermore, the cells obtained, incubated

to develop into a monolayer and these cells will be injected in the

animal model of lead intoxication. Before the injeotion, the cells

were checked and labeled by CD 45 and CD 105 marker (Figure l).

r59

l'ir.lrrrc l. Characterisation of hemabpoietic stem cell.

The HSC labelled by CD 45 marker as a positive control (A) and CD 105

marker as a negative control (B). The amow showed the cells labelled by CD

45 ma'ker:

2.-i. llt:nt,nv.l <l ltlrtr:uttrt utt(l utet.tts (,rgens

The mice were decapitated on pregnancy day 17. The placenta and

uterus microslides were prepz[ed, and placenta sample was taken for

TNF- o expression and apoptosis index examinations, then uterine

sample was taken for spiral arteries remodeling evaluation.

2.4, l,:\ttttt t tlu! ittn o.f Lu.tttot' n.t t;rt)si.r .fiu'lLtr l'l'.\ l' l- a

rrprrs.ilrtrr

Placenta microslides made on the object glasses were dipped

in xylol, alcohol and distilled water respectively. Then they were

washed 3 times for 5 min each in PBS at pH 7.4. After that they were

soaked in hydrogen peroxide (HzO) 3Vo for 5-10 min, immersed in

lzi"'bsA in PBS for 10-30 min at room temperature, followed by

adding TNF- o antibody for I hour at room temperature. Then they

were washed in PBS with pH 7.4 for 3 min X 5 min, added with SA-

HRP (Strep Avidin-Horse Radish Peroxidase) for 30-60 min at room

temperature, washed in PBS with pH 7.4 for 3 minX5 min, added

with Cromogen DAB (3,3-diaminbenzidine tetrahydrochloride)

for l0-20 min, washed in distilled water for 3 minX5 min at

room temperature, then added with methyl green counterstain for

3 min. The examination was performed using a microscope at a

magnification of 40, 100 and 400 times. TNF- o expression in

placenta was determined by observing brownish discoloration on

syncytiotrophoblast cells compared to the control.

J.5. lli.stopttt lt,tluev c)-(Lillinulitrn /d /r.\.\.'.{\ sIir,Ll arlrrt
rrtrntxl<'l it4g.

Uterus was fixed with l07o buffered formalin, then

histopathologically processed by dehydration, rehydration,

embedding and uterine tissue cutting. Staining process was

performed using hematoxylin-eosin. The microslides were evaluated

under 400 times of microscope magnification.
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Stages TACS 2 TdT-DAB in situ Apoptosis Detection kit.
Microslides were deparaffinized in xylol and alcohol series. put pBS

on the slide for l0 min, absorbed the liquid with a tissue. Covered

the sample with 50 dsf mL proteinase K for l5-30 min, washed

twice with deionized water (dHrO) each for 2 min. put drops on

the samples with sequencing solution for 5 min, washed the slides

by using PBS for I min. Put drops of TdT labeling buffer to the

samples for 5 min, covered the sample with 50 mL of labeling

reaction mix for 2 reactions: TdT dNTP Mix (Car # 4828-30-04) 2

mL, TdT Enzyme (Cat # 4810-30-05) 2 mL, 50 X Cation Stock 2

mL, I X TdT labeling Buffer 100 mL, incubated for 60 min at 37 C
in a humid place. Washed slides with lxTdT stop buffer for 5 ntin,

washed slides every 5 min with dHrO. Put drops on sample with 50

mL srep-HRP solution and incubated for l0 min at 37 C in a humid

place to prevent evaporation. Washed slides with pBS twice each for
2 min. Dropped with DAB solution for 2-7 min, washed slides with

dHrO each 2 min. Put drops of I o/o methyl green on the slides for 30

s to 5 min, soaked and washed slides l0 times with dHrO. Dried the

microslides overnight and covered with entelan.

2, 7. .,1 x c s s i r t,g i ntl.r',r' u pt t p I r ts i.s ( r il I ( r I ) rttr si.( n t 7. \ !' * u

Histopathological examination is intended to determine the

index apoptosis and expression of TNF- o in the placenta. Data

of each sample assessed semiquantitatively according to the

modified method Remmelefrl, where the index scale Remmele

immuno reactive score (IRS) is the result of multiplying the cells

percentage scores immunoreactive with the color intensity scores

immunoreactive cells (Table l). Data of each sample is the average

value of IRS are observed in diflerent l0 Field of view at 400 X
magnification.

l'irble I

Serniquantitative scale of IRS .

Score 0: No positive cells Score

Score l: Positive Cells less than
liVo

Score 2: Positive cells between

from llVo - 50Vo

Score 3: Positive cells between

from 5l%o - 80Vo

Score 4: Positive cells between

from more than 807o

Score 0: No reaction color

Score l: The color intensity rnild

Score 2: The color inlensily
moderate

Score 3: The color intensity Strong

2.8. I)uttt (.r(r/rui.!

The data about the expression of TNF- o , the number of spiral

artery remodeling and apoptosis index were analyzed using

statistical SPSS program for windows. All five group data were

compared using the ANOVA test. The differences were considered to

be statistically significant if P<0.05.

-J. Il,csults

.:1. I . l'N l"* ti c:v1trt:.:tiort

Immunohistochemistry examination of TNF- q expression was

showed by the colors of light to dark brown in immunoreactive cells

(Figure 2). There were significant differences between five groups

above (P=0.00) (Figure 3).

'*.
?

"2

a

li'igun: 2. TNF- q expression shown by the colors of lighr to dark brown in

immunoreaclive cells.

Group I did not show the presence of immunoreactive cells. Croup 2 group

showed high intensity dark brown color of TNF- q immunoreactive cells

than Group 3 on cytotrophoblasr lblack arow) and endothel cells (yellow

:urow). Group 4 and Group 5 showed TNF- q immunoreactive cells less than

Group 2 and Group 3.

Positive cells (A) intensity of tubes Score color reaction (B), so the IRS= Coloring immunohistochemistry; magnitlcation I 000X; Olympus BX-50.

(A X B). Pentax optio 230; Digital Camera of 2.0 megapixel.
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li'igure -1. TNF- o expressions of pregnant mice group without treirtment,

with Pb treatment and Pb + hematopoietic stem cell treatment.

Thus TNF- o expression in normal pregnant mice without

treatment, lead-exposed mice and mice exposed to lead after

intravenous I X 107 HSC treatment were significantly different.

By using Mann-Whitney test the difference of each groups were

analyzed. There was no statistical difference of TNF- o expression

between pregnant mice with of ll12 LDr6 of lead expos€d and

those with l/16 LDj, of lead exposed, but significant difference was

found between lead exposed treatment with and without I X 107

HSC treatment. There was no difference in TNF- o expression

between pregnant mice with l/12 LDro of lead followed I X l0? HSC

and those with l/16 LDro of lead exposed followed I X 107,'HSC

(P=0.227).

.1.). .\1,tr,tl rLrt,.r) ri'rrtttl,'linq

Hematoxylin-eosin staining of spiral artery remodeling showed the

difference of vascular response in the uterus (Figure 4).

l'igurr 4. The difference of vascular response in uterus.

Shde A showed gradual blood stream vasocontraction (arrow) and slide

B showed normal vasodilatation (arrow). Coloring haematoxilin eosin;

rnagnification I 000 X; Olympus CX4l; DPl2 olyrnpus micro digital

camera 2 megapixel.

Spiral artery remodeling was analyzed by assessing the contraction

status of blood vessel in endometrium and myometrium of pregnant

mice uterine. There was a significant difference in the five groups

above (P=0.00). It meant that spiral artery remodeling of normal

pregnant mice group without treatment, lead exposed treatment and

lead-exposed followed I X 107 HSC intravenous were significantly

different (Figure 5).

Figurc 5. Spiral artery rernodeling of pregnant rrice group without

treatment, with Pb treatment and Pb + hematopoietic stem cell treatment.

The difference between each group was analyzed using Mann-

Whitney test. There was a significant difference of spiral artery

remodeling between Group 2 (l/12LD50 of lead and Aquadest)

and Group 3 (l/16 LD50 of lead and Aquadest). There was also a

significant difference of spiral artery remodeling between Group 2

and Group 4 (1/12 LD.o of lead followed I X 107 HSC treatment) and

Group 5 (l/16 LD50 of lead followed I X 107 HSC treatment), but no

difference was found between Group 4 and Group 5.

_'i. _1. .,1 
1 
y 1 y 1t, ts i.s i. t t r te r

The immunohistochemistry examination of apoptosis involved light

to dark brown staining of immunoreactive cells (Figure 6). There

was a significant difference among the five groups above (p=0.fi)). It

is meant that apoptosis index of normal pregnant mice group without

treatment, lead-exposed treatment and lead-exposed followed 1 X l0?

HSC intravenous were significantly different (Figure 7).

Ψ日呻̈
¨

・̈・呻　̈
¨

７６５４３２̈
０』呻『勒̈

●
ｏ
場
摯
と
Ｏ
ｘ
Ｏ
ｏ

・１】
Ｚ
い

」̈・・̈
¨̈

１
　
　
　
　
　
　
　
　
い

い

・̈一■■鳳呻
‐̈６ＬＤ，。。ｆ

７

　
　
　
　
　
　
‐

　
　
　
　
　
　
　
　
　
　
ν
　
ν

　̈　　　　　　　　呻　珀凛５

３

　

　

　

　

　

　

　

　

２

　

　

“

ａｄ

＾
Ｕ
　
　

　

．　

　

　

　

■

２

３

郷
知
ぁ
２０
鰤
Ю
ぃ
０
　
日
隋
菫

¨
Ｃ
■
一
聖
つ
ｏ
口
】υ
】
ゝ
ビ
ｏ
ｔ
ａ
■
「
●
』
一∽
」
ｏ
ｏ
¨
Ｅ
υ
＞
ど
、



[D6wnloaded iee from http拗

“

ww.aplr net on saturday,」 anuary 12,2019,IP:102327423〕

Widjiati er aL./ Asian Pacilic lournol oJ Reproduction (20 I 7.) I 58- l6j

test. The apoptosis index of pregnant mice group without lead-

exposed treatment (Group l) was significantly different between

those groups with lead-exposed (Group 2 and 3) and HSC (Croup

4), but no difference was found in Group 5. There was significant

difference of apoptosis index between group of lead-exposed

treatment (Group 2 and 3), and lead-exposed followed HSC

treatment (Group 4 and 5) but no difference was found between

Group 4 and 5 (Table 2).

'I'rhlt:2

The significant comparison of apoptosrs index in five groups.

Groups Group I Group 2 Group 3 Group 4 Group 5

Group l

o●lp 2

Group 3

Group 4

Group 5

0∞ 1

0.013' 001121

0Q17・

0080

0001・

0002・

0133

Oα)1 0004

l iglre 6, Apoptotic index was shown by colors of

in immunoreactive cells.

Group I did not show the presence apoptotic cells in cytotrophoblast. Group

2 showed high intensity of dark Brown in apoptotic cells than OrouO ,,,

expressed in cytotrophoblast (black arow) and endothelial cells (yellow

arrow). Qrcup 4 and group 5 showed apoptotic cells less than Group 2 and

Group 3.

Coloring immunohistochemistry: magnification I 000 X; Olympus BX-50.

Pentax optio 230; Digital Camera of 2.0.

棗 :11聴 ∬ 最 群忠 1猥
l猟 [:‖ ‖::」 IIII

I'iglire 7.Apoptosis index of plegnttnt mice gioup without tlcatment,with

Pbt"atment and Pb+Hematopoietic stcm cclltlcatmcnt

Differences among groups were assessed using the Mann‐VVhitney

Pregnant mice without trcatmcnt(Group l),Pb treatmcn(Group 2 and 3)

and Pb+Hcmatopoictic stem cell treatmen(Group 4 and 5)(Mann― Whitncy

light brown to dttk brown  test)° Pく005

,'1rl':r,: 
r

4. f)iscussion
. :.'

'Characterization was done to confirm the HSC growth by labeled

with CD 45 antiMy. The HSC stained by FITC and CD 45 antibody

.anil,observed under fluorescent microscope. Our result showed that

the cells labeled by CD 45 antibody have a light green color, so we

can conclude that our culture is truly HSC. As a comparison the HSC

also was labeled by CD 105 antibody as a negative control, after

observed under fluorescent microscope our result showed no positive

reaction. CD 105 is a specific marker to identify the mesenchymal

stem cell.

Lead is a deleterious environmental pollutant and causes a

range of physiological and biochemical dysfunctions. Repeated

exposure of lead during organogenesis can cause teratogenicity,

embryotoxicity, and abortion[8]. The amount of lead entering body

will activate nuclear factor kappa beta and mitogen-protein kinase;

both can change the function of mitochondria and increase cytokine

proinflammation such as TNF- o 1e1. Lead penetrating placenta and

entering cells will lead to the formation of reactive oxygen species

(ROS). ROS formed in trophoblast cells will cause mitochondrial

damage, therefore it causes loose of cytochrome caught by apaf-1,

then it will activate caspase-3 as the executor of apoptosisltol. In this

study TNF- o expression, spiral artery remodeling and apoptosis

index in lead-exposed treatment group (Group 2 and 3) are higher

than control group without treatment (Croup l). It is meant that
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exposure of lead may cause negative effect on placenta and uteine

ttsAckllowieagnlenof pregnant rnice.

The administration of HSC intravenously through the coccygealis
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