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SUMMARY: Based on previous studies, a variety of bioenvironmental elements including inappropriate nutrition, diseases,
infections, stressors, and medications are involved in epigenetic changes. Drug abuse is one of the most importantigansés of ep
changes and a concern in today’s world. Studies have shown that morphine use by pregnant mothers causes several dikerders in mo
in addition to transferring abnormalities to the next generation (placenta and embryo). Epigenetic factors such as meepifinages
in gene expression in placenta as the first embryonic defense barrier. Because placenta does all the nutritional exceanges betw
mother’s and embryo’s blood, placental health guarantees normal embryonic development. Many studies have been condatged on defe
caused by epigenetic factors including medication use. Opioid abuse including morphine abuse has endangered health ¢&.many peop
Morphine changes gene expression by binding to opioid receptors on placental villi. Based on the studies, major epiggseticehan
to drug use are mediated by DNA methylation and histone changes. Recognizing different epigenetic factors and theilaeteatalon p
and embryonic development is among modern studies. The importance of recognizing epigenetic changes caused by drug abuse by
pregnant mothers can be the most important way to prevent adulthood diseases in the embryo and in some cases miscasiage. Chang
induced by epigenetic factors can be moderated or reversed by controlling the epigenetic factors. This study is a rexges/ ciubed
by morphine use by pregnant rats on development of placenta.
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INTRODUCTION

Today, drug consumption is one of the main factor&luckmanet al, 2008; Novakovic & Saffery, 2012). In
influencing epigenetic. Abuse of different opiates is on th@ammals, DNA methylation and histone variations are the
rise; the most significant threat to health and the family i®ost prevalent epigenetic changes (Cedar & Bergman, 2009;
dependency to these drugs (Orretyal, 1996). Opiates Chelbi & Vaiman). Based on studies on growth and
consumers include pregnant mothers, and the effects of thdsgelopment of embryo and placenta, imprinting tribulations
drugs not only affect the mother, but also transmit to thgan increase embryonic defects during pregnancy, and this
next generation (Nettletoat al., 2008; Ornoyet al). phenomenon reveals that methylation changes are also
Epigenetic changes can be caused by various environmeeffi¢ctive in genesis processes before implantation and
elements such as social-psychic stresses, diet, infectioflgpendent on epigenetic factors such as drug consumption
drugs, structural heredity, and gene location in chromosont@helbi & Vaiman; DeChiaret al, 1991). Opiates
width. Research into the causes of epigenetic changes is veepsumption causes disruptions in the normal development
important because epigenetic affects the quality of life ared placenta and embryo, especially in the initial stages of
can transmit to the next generation via inheritance (Godfrgyegnancy (James al, 2004; Kazemét al, 2010). Many
et al, 2007; Liet al, 2007). Epigenetic factors including other epigenetic factors may cause different tribulations of
drug consumption, unsuitable nutrition, and horribl@regnancy, but these are simpler to remain unrecognized.
bioenvironmental situations, can cause epigenetic changa®o potential brakes of growth and development that are
in embryos and placenta. Principal epigenetic changes &iem placental epigenetic malformations are intrauterine
relevant to external factors (Chelbi & Vaiman, 2008growth restriction.
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IURL and preeclampsia morphine. In this review article we survey the effects of
edible morphine consumption by pregnant mothers and the
These two undesirable outcomes of pregnanapigenetic changes that occur in the placenta. For better
originate from the placenta. Epigenetic factors can promatescriptions of malformations that result from morphine
the abnormal formation of the placenta, resulting in placenmbnsumption and tissue morphological changes of the
preeclampsia and IURL. Research shows that preeclampglacenta, tissue images from published articles were used.
and a malformed placenta can prevent creation of the embryo
(Amiel et al,, 2002; Gratet al, 2005). The passage of drugsOpioids-morphine.
into the placenta is dependent on a range of factors. Fat so-
luble compounds pass into the placenta easily. However, Opioids have been used for thousands of years for
water soluble substances have less passage into the placdm@areatment of pain (Trescet al.). In 1973, a graduate
because of the heavier molecular weight. Drug incorporatistudent, Candace Pert, used radioactive morphine to evaluate
into plasma proteins affects the free drug content that ctre locations of the site of action of morphine. Evidence for
pass into the placenta. Indeed, all drugs except organic idhe existence of multiple opioid receptor subtypes arose from
such as heparin and insulin can pass into the placentanork identifying the different anatomical location and
some degree. In regards to tissue pathology, the passagplarmacological profiles of compounds that were eventually
morphine across the placental barrier has multiple effeaised to name them, i.e., morphine (mu), ketocyclazocine
on the embryo (Behravan & Piquette-Miller, 2007; DiPirrqdkappa) and vas deferens (delta). Cellular mechanisms of
& Kristal, 2004; Fowderet al, 2006). Opiates such asaction opioid receptors, G-protein- coupled receptors, such
morphine act on opioid receptors (mu, kappa and delta)s those for opioids, have no direct link with effector proteins;
especially mu receptors. Opiate receptors are presentinstead the message is relayed via a G protein (Trescot
placental villi and contribute to the genesis of placental celid.; Sewarcet al).
and their function. Majority of mu receptors are on the
endothelial membrane of erythrocytes (Trestatl, 2008; Morphine and its derivatives are used today for the
Corpeninget al, 2000; Sewardt al, 1991). For this reason, treatment of acute and chronic pain.
malformations that result from edible morphine consumption
by pregnant mothers have maximal impact on the placental It is now understood that morphine and other opioid
blood network especially the embryonic portion (Kazemi drugs act on an endogenous opioidergic system, which is
al., 2010a, 2010b). In addition, morphine transmission acrosst only involved in setting pain (nociceptive) threshold and
the placental barrier causes malformations in embryoniontrolling nociceptive processing, but also participates in
nervous system development including choroid plexus, braimodulation of gastrointestinal, endocrine and autonomic
ventricles, and the visual system (Kazeshial, 2011a, function, as well as a possible role in cognition (Trestot
2011b, 2012a, 2012b; Sahratal, 2013). Recognition and al.; McDonald & Lambert, 2005). Morphine, a narcotic,
understanding of the epigenetic changes that occur on thieectly affects the central nervous system. Besides relieving
embryo and placenta as a result of opiates consumption g@&in, Morphine impairs mental and physical performance,
be a path to prevention before treatment. It is importarglieves fear and anxiety, and produces euphoria; morphine's
because more embryos of opiate addicted mothers are sugphoric effects can be highly addictive. Tolerance and
ceptible to various cardiovascular disorders, type 2 diabghysical and psychological dependence develop quickly.
tes, excessive weight, and schizophrenia. The placenta
performs vital functions such as nutrient transport between The nonalkalized form of morphine crosses the blood
the circulatory systems of the mother and embryo durirgyain barrier easier and alkalization of the blood increases
intra-uterus growth and development. Normal genesis of thiee fraction of non-ionized morphine (Tresostt al.;
embryo is reliant on constant interactions betweelMcDonald & Lambert).
transcriptional factors, epigenetic and environmental factors
(Esteller & Herman, 2002; Graysehal., 2005; Maltepet Epigenetic, DNA methylation.
al., 2005; Simmonest al., 2001). Morphine is a meddlesome
factor in normal embryonic development, and the mother’s Epigenetics is most commonly defined as the study
dependency to opiates is a growing concern becauseobflterations in gene function that are heritable through both
various epigenetic factors including stress. Addiction is mitosis and meiosis, but do not involve any change in the
universal problem that curtails the health of mothers and tBNA sequence itself (Esteller & Herman; Renthal &
developing embryos (Maltepet al, 2010; Maccani & Nestler). At a molecular level, epigenetic mechanisms
Marsit, 2009; Renthal & Nestler, 2008). In regards to thisomprise first and foremost chemical modifications of the
point, the placenta is an initial barrier for the embryo again®NA and histone proteins, the major constituents of the
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chromatin. These modifications primarily involveprocess of trophoblastic cell development; moreover, they
acetylation, methylation, phosphorylation, ubiquitinationgause changes in numerous transcription factors. Normally,
and sumoylation (Renthal & Nestler; Reik, 2007). trophoblastic cells differentiate to inner mass (embryonic) and
placental cells. In this situation, we have a decrease in placental
DNA methylation most commonly occurs atcell methylation compared with inner mass cells (Godfrey,
cytosine—guanine dinucleotides (CpG), and is general®002; Reik). A second wave of epigenetic reprogramming
associated with transcriptional silencing. Silencing takdsappens in primordial germ cells (PGCS). These cells are
place through direct inhibition of the binding of transcriptiomproduced by the inner cell mass and migrate to extra-embryonic
factors, or the indirect recruitment of methyl-CpG bindingnesoderm of the growing embryo. After zygosis, in the primary
proteins (MBPs) and associated repressive chromatistage of differentiation, genome methylation levels in PGCS
remodeling activity. The addition of amethyl group frondecrease dramatically (Hajkogbal, 2002; Reik). These data
SAM (S-adenosyl-L-methionine) substrates to the cytosit®ve resulted in the discovery of some imprinted genes such
is catalyzed by DNA (cytosine-5)-methyltransferaseas insulin growth factor 2 receptor in the rat that drive
(Fowden & Forhead, 2004; Godfrest al). Histone expression of paternal genes (e.g., paternally expressed gene,
methylation on lysine is associated with both activel{?GE). Igf2 growth factor gene is important in the placenta
transcribed and silenced genes depending on the residuand embryo growth balance. For example, Igf2 causes an
can occuras mono, diortrimethylation, which modulates gemgrease in the normal expression of paternal genes. In addition,
expression differently. Histone methylation is also found otine abnormal expression can disrupt the normal growth of rat
arginine (R) in both mono- and di-methylated forms, but thembryo (Cuiet al, 2003; Godfrey). Opiates consumption
impact on chromatin structure is not well understood (Cedarcreases methylation changes in trophoblastic cells.
& Bergman; Liet al). The nucleosome is a protein complexirophoblastic cell differentiation to embryonic mass and
that forms an important constituent of chromatin togeth@tacenta is influenced by epigenetic factors (Rozesksl,
with genomic DNA, named as the nucleosomes that consi&®12; Rust al, 2000). Malnutrition causes an increase in
of two copies of each of the four core histones (H2A, H2Bhe mother’s blood sugar (even temporary) and may affect gene
H3 and H4), and is swabbed by the DNA. Modifications dfranscription of embryo and mother communicating
histones refer to the covalent modifications of the amindrophoblastic cells; in this way, insulin cannot pass into the
terminal tails and the core of nucleosomal histones. Tipacenta but excess glucose into the placenta can increase the
histone maodifications, including acetylation, methylationinfant’s blood sugar (Aronowt al, 2001; DeChiarat al;
phosphorylation, ADP ribosylation, and ubiquitylation, aréaltepeet al., 2010). The total amount of DNA methylation
different types of histone modifications. They can extenchanges in opiate dependency differs between embryo and
the information content of the underlying DNA sequencextra-embryo. Placental trophoblastic cells show hypo-
and confer unique transcriptional potential (Cedar &ethylation, and embryonic mass trophoblastic cells
Bergman; Delaval & Feil, 2004). demonstrate hyper-methylation (Behravan & Piquette-Miller;
Gluckman & Hanson, 2000). Trophoblastic cells differentiate
Changes that result from morphine as an epigenetic fac- into two layers and the placenta develops from this part. An
tor on syncytotrophoblast and cytotrophoblast cells of inner layer, named the cytotrophoblast, includes cells that are
the pregnant rat’s placenta. mononuclear and have cellular cleavage potency. The outer
layer consists of syncytotrophoblast cells that are polynuclear
At the beginning of implantation, trophoblastic cellsand do not have any distinct membrane bound (Arceta,
of the blastocyst in the placental pole penetrate mucosal ceB®swamiet al, 2006; Rus®t al, 2000). Studies show that
of the uterus. Epithelial stem cells (trophoblastic cellsgdible morphine consumption by pregnant mothers cause a
differentiate in the placenta (Fowdenal, 2006, 2008). The disorder in the genesis and proliferation of cytotrophoblastic
role of epigenetic factors in the regulation of placental growtind syncytiotrophoblastic cells. Maximum morphine effects
and development starts before implantation. Epigenetic factonelude the inhibition of differentiation in cells that have
such as DNA methylation, histone alternations and nomroliferation capacity. In this regard, morphine causes
transcriptional RNAs, are effective in driving gene expressioabnormal division of cytotrophoblastic cells (Aronewal;
patterns, and these changes have a pivotal role in the genglisset al.). Epigenetic factors associated with drug
of the embryo and placenta (Maltegteal, 2010; Maccani & consumption include a disorder in placental cell secretary
Marsit). Organism development from a singleegg to adulthoddnction among human chorionic gonadotropin (HCG)
includes a set of pre-programmed and differentiation processkesrmone secretion. As a result, estrogen and progesterone
Trophoblastic cells of embryo and placenta differentiate frotmalance disrupts and then perils embryonic permanence and
egg cell (Fowdeet al., 2006; Reik). Epigenetic factors causegenesis (Avilaet al,, 2010; Gluckman & Hanson). Some
changes in gene expression that are necessary for the norepadjenetic changes such as DNA methylation changes and
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histone alterations that occur in the genome, are importagroup from a SAM donor adds to C5 of cytosine, so that
mechanisms associated with opiate addiction (Esteller &dible morphine consumption completely depends on the
Herman; Feng & Nestler, 2013). In addition, molecular andtilization duration (Carter & Enders, 2004; Williaetsal,
behavioral experiments certify that epigenetic changes hav2@01). Placental cytotrophoblastic and syncytiotrophoblastic
role in abuse of different drugs such as cocaine, amphetamicell genesis, and deficiency of placenta creation occur in the
and alcohol (Feng & Nestler; Fowden al., 2006). Some 14th day of pregnancy in mothers whom have consumed
epigenetic factors like nourishing and suitable qualificationspiates (Dehgharat al, 2013) (Fig. 1).

of pregnancy are efficacious in cytotrophoblastic cells

differentiation within the placenta but epigeneticChanges that result from morphine consumption as an
pharmaceutical factors cause changes in genome epigenepayenetic factor on rat placental villi and blood lacuna
and normal genesis of placental cells (Chelbi & Vaiman; Ferggnesis.

& Nestler). Edible morphine used by pregnant mothers

increases cytotrophoblastic cells and decreases In pregnancy, with more penetration of the
syncytiotrophoblastic cells. Drugs passing into the placenteophoblastic pole to deeper parts of endometer, some
are influenced by numerous factors. bubbles appear in cytotrophoblastic cells. When these

bubbles associate together, it creates lacuna. Furthermore,

Fat soluble compounds pass from placenta easily hlmbphoblastic cell penetration impairs the capillary
water soluble substances pass poorly because of a heagiothelial layer and fills cavities with cytotrophoblastic
molecular weight. Drug incorporation with plasma proteinsells, and in this way, blood lacuna form (Carter & Enders;
affect the free drug content that can pass into the placerRausset al). In regards to this point, trophoblastic cells are
Indeed, all drugs except organic ions such as heparin drldod intermediaries between mother and embryo, having
insulin can pass into the placenta to some degree (Behra@animportant role in interchanges and are under effect of
& Piguette-Miller; Fowden et gl2006). Because morphine epigenetic factors. Epigenetic changes that occur in gene
has a small molecular size and is lipophilic, it can easilgxpression of trophaoblastic cells can cause vessel constriction
pass from the placental barrier and cause a delay in placeatadl embryonic hypoxia (James et Morganet al, 2005).
cell genesis (Behravan & Piquette-Miller; Kazeetial, Faultless development of cytotrophoblast cells guarantees
2010a, 2010b). DNA methylation changes in the placentirmal genesis of blood lacunas, and if development of these
depend on the dose of drug consumed. In addition, DNZells are not affected by malformed epigenetic factors, this
methylation changes in the placenta are related to opiate yggenomenon is possible. Intact blood lacunas are suitable
The main changes occur in CPG islands, whereby one methylieu for nutrient interchange between mother and embryo

# - LR,

Fig. 1. Microscopic image comparison of changes that result from edible morphine utilization on placental cells in pregnant mothers. On
the 10" day of pregnancy (morphine group #and control group C% (Dehghankt al, 2013) and 1#day of pregnancy (morphine
group M2*and control group C2 (Dehghankt al, 2013).
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(Fowdenet al, 2006; Kazemet al, 2010a; Kazemét al, mother and embryo, and this result can cause embryonic
2012a, 2012b; Morgaet al). Drugs are one of the importanthypoxia (Adelmaret al, 2000; Kazemet al, 2012a, 2012hb)
factors that create main epigenetic changes (DN#&ig. 2).

methylation and histone alternations). These changes cause

disruptions in blood interchanges between mother ai@hanges that result from morphine utilization as an
embryo as well as with passage from placenta, disruptiegigenetic factor on the development of maternal and
embryonic development (Feng & Nestler; Fowagral, embryonic tissues in the rat placenta.

2008; Reik). Opioid receptors such as mu, kappa, and delta

are affected by edible morphine consumption, and these  Epigenetic changes that occur from opioid usage such
receptors inhibit AC enzyme via intracellular mechanismas morphine cause a delay in the genesis of maternal and
In this manner, these changes cause a decrease in cAdMRbryonic tissues of the placenta. Normally, with pregnancy
and calcium ion entrance and disrupt the normal processpobgress, placenta differentiates into two parts. One part is
blood lacuna genesis (Nettlet@h al; Sewardet al). chorionfrondosum, responsible for the greater part of nutrient
Morphine utilization by pregnant mothers causes a decreaseerchange between mother and embryo. Therefore,
in the surface and number of placental blood lacuna. Agamalformations that relate to this part are irreparable (Kazemi
malformed placenta causes intra-uterus growth retardatienal, 2010a; Novakovic & Saffery). Suitable nutrition is an
of the embryo (Dehghaetit al; Kazemiet al, 2010a). The effective epigenetic factor in the normal genesis of embryonic
cytotrophoblast is covered by a syncytial layer. In a normahd maternal tissues of the placenta. On the contrary, opiates
situation of growth and development, mesodermal celi&ge one of the malformed agents that cause epigenetic
penetrate the primary villi axis and growth toward decidughanges (Morgaet al; Novakovic & Saffery). Morphine

In this way, secondary villi will form. The secondary villi utilization by pregnant mothers causes a delay in placental
axis differentiates to blood vessels and forms third dissue genesis especially embryonic tissue of the placenta.
continual villi (Aronowet al; Carter & Enders; Rust al).  Addiction to cocaine and amphetamines leads mostly to
With regard to the high density of mu receptors on thacetylation in H3 and H4 histones (Feng & Nestler; Klose
erythrocyte endothelial membrane and maximur& Zhang, 2007; Williamset al). Histone alterations are
accumulation of radioactive morphine absorption in this sitejostly acetylation and phosphorylation that activates
edible morphine consumption by pregnant mothers causesanscription on the lysine, serine, threonine, and tyrosine
delay in the developmental stages of blood lacuna. AgaiN; T tails. After extended treatment with morphine,
the number and surface of blood lacuna decreases (Dehglsamipression of mu opioid receptor miRNA expression is one
et al; Kazemiet al, 2012a, 2012b). Defects in third villi of the morphine tolerance mechanisms (Feng & Nestler;
genesis cause a deficiency in blood mterchanges betwddnse & Zhang). Special agonists of mu opioid receptors

W‘fﬁ &5

e “W Placenta cell

Flg 2. Mlcroscoplc image comparison of changes that result from edlble morphlne utlllzatlon on blood lacuna placenmégeimm
mothers. On the X0day of pregnancy (morphine group #8&nd control group C3 (Kazemiet al, 2011b) and 12day of pregnancy
(morphine group M4 and control group C3 (Kazemiet al, 2012a).
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are efficacious in miRNA expression alteration. Anotheembryonic portion has most blood vessels and maximum
study using radioactive morphine showed that the placemtatrient interchanges between mother and embryo,

of morphine dependent pregnant mothers leads to a defectyggenetic changes that result from morphine consumption
barrier for the embryo in the primary stages of developmeiatre irreparable. The maternal part of placenta that forms the
and is strongly affected by morphine. The embryonic portiamain deciduous disk is inclined to endometer and is less
of the placenta is severely affected by drugs, so that theposed to damage compared to the embryonic part.
density of drug absorption is significant. We can concluddowever, the maternal part of the placenta has more
that opioid receptors such as mu have more accumulatiorcitotrophoblast cells that divide and move to the embryonic

the endothelial membrane of the embryonic portion of thgart of the placenta (Fig. 4). Morphine utilization by pregnant

placenta; therefore, malformed effects of morphine are mamothers slows the cytotrophoblast cell division; this is a

obvious (Heet al, 2010; Kazemet al, 2012a, 2012b; deficiency in normal placental genesis (Fowden & Forhead;

Williams et al) (F|g 3). In regards to this pomt that theKhalili et al, 2001; Maccani & Marsit; Reigt al., 2001).

F|g 3 Plcture showing the maximum density of morphlne effect on the placenta érdthed pregnancy & and
on the embryonic part of the placenta on thé ddy of pregnancy (§ in morphine dependent mothers by using
radioactive morphlne (Kazerst al., 2012a).
74 I
M7-7

'l-nernal portton

Blood Lacuna he

R O

Fig. 4. Microscopic image comparison between changes that result from edible morphine utilization on placental cells of maternal and
embryonic parts in pregnant mothers. On theday of pregnancy (morphine group ¥&nd control group C7j (Kazemiet al., 2011b)
and the 1% day of pregnancy (morphine group ¥&hd control group C8 (Kazemiet al,, 2011b).
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Morphine consumption, corticosterone concentration Malformations that result from addiction are affected by

and resulting changes in placental genesis in the pregnant epigenetic factors such as malnutrition and opiate

rat. consumption. By amendment of nutrition or decrease or
elimination of opiate consumption, the resultant changes will

The placenta is a main source of embryo nutriefte reparable (Bourquet al, 2011; Fowderet al, 2006;

preparation. On the other hand, the placenta is the m&mati et al). Opiate consumption causes placental villi

source of hormones necessary for placental growth andndensation as well as changes in placental morphology.

genesis (such as estrogen, progesterone and other in densahdiction is one of most important epigenetic factors in

hormones), especially in the second half of pregnancgammals that these changes will be achieved by

(Fowdernet al., 2006, 2008). In stress and critical situationgglucocorticoids assistance (Colliasal, 2005; Delaval &

glucocorticoids are secreted in the body. These hormoriesil; Kazemiet al, 2011b). Because we don’t know whether

reinforce the body against stressors. In rat, corticosteronghg source of the increase in corticosterone concentration in

the effective hormone of glucocorticoids (Fowden &plasma is due to the mother’s adrenal cortex, the embryo’s

Forhead; Godfrey). With pregnancy progressionadrenal cortex, or placenta secretion directly, corticosterone

corticosterone rises in the mother’s plasma. Stressors amncentration of plasma is a point that needs further

one of the daily epigenetic factors that cause epigeneinvestigation.

changes. In stressful rats (paten from mother), glucocorticoid

receptor expression is decreased and responses to stress are

increased. Effective epigenetic changes in glucocorticoldONCLUSION

receptors are mostly DNA methylation, and in a few cases,

histone acetylation. Corticosterone causes proliferation of

low differentiation cytotrophoblast cells by shortening the Epigenesis is the study of molecular mechanisms that

interphase stage; the cell doesn’t have enough time for nmfluence how the environment controls the gene’s activity.

mal growth and genesis. As a result, the cell's function 8ome factors such as nutrition, drugs, stress, and emotions

disrupted (McGowaret al, 2009; Reik; Wilkinsoret al, can change gene expression. Epigenetic factors can turn on

2009). The approval of edible morphine in pregnant motheos off genes. Morphine is an epigenetic factor that causes

causes a multiplied increase in corticosterone concentratigpigenetic changes in placenta of mothers that consume

of mothers. This epigenetic factor can affect epigenetapiates. The main epigenetic changes are relevant to DNA

changes in intensity and process, especially DN#&ethylation and, less so, histone alterations. These changes

methylation (Jaenisch & Bird, 2003; Kazeatial, 2011a, cause a disruption in the normal genesis of the placenta.

2011b). Morphine andcorticosterone reinforce the functiddependency to morphine in pregnant mothers and changes

of the other, and cytotrophoblast cells proliferate viéhat result from consumption on the placenta can cause

shortening of the interphase stage. Moreover, majembryonic defects in infants of dependent mothers.

proliferation of cytotrophoblast cells relevant to materndRecognition of the various kinds of epigenetic factors can

part of placenta occurs (Kazeetial, 2011b; Reilet al). adjust or strengthen the resultant epigenetic changes.

Increases in corticosterone concentration that result froAtquaintance with these factors is an important before

morphine administration and epigenetic changes are fortifit@atments.

in placental cells, causing a defect in glucocorticoid recep-

tor expression and as a result causes a deficiency in secretory

function of placental cells. Studies revealed that the effe A KNOWLEDGEMENTS
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