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1. Abstract

This paper provides information on polyamine metabolism under
different physiological conditions in female reproduction. Although
information obtained from experimental models is included, spe-
cial relevance is given to reproductive processes in the women, Poly-
amine metabolism has been studied in the ovary, uterus, endometri-
um, and myometrium, in maternal blood, urine, placenta, and em-
bryo development as pregnancy progresses, as well as in women with
spontaneous abortion and preeclampsia. Inhibition of polyamine
synthesis in immature female mice inhibits ovarian development
and delays puberty. In the uterus polyamine synthesis is regulated
by hormones, injection of 17- 8 estradiol into young female rats
increases uterine ornithine decarboxylase activity 14- to 25-fold 4
hours after hormone administration. The concentration of polyam-
ines increases in the plasma and urine of pregnant women as the
pregnancy progresses. They exert significant effects on embryonic
development, implantation, placentation, and fetal development.
In rats, specific and irreversible inhibition of polyamine synthesis
with DL- « -difluoromethylornithine causes inhibition of embry-
onic development and embryo resorption. Polyamines are oxidized
by polyamine oxidase. It has hypothesized that this enzyme has a
protective role in the physiology of pregnancy and that polyamine
oxidase at high levels protects the mother and fetus from high con-
centrations of biogenic amines. On the other hand, acrolein, a high-
ly reactive aldehyde, is formed by oxidation of polyamines. Since
acrolein is highly reactive to molecules containing amine groups
such as nucleic acids, proteins and aminophopholipds forming ad-
vanced glycation end products, it can be speculating the participa-
tion of this metabolite in toxemia development, but this remain to
be demonstrated.
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3. Introduction

Polyamines putrescine, spermidine and spermine are small mole-
cules whose main characteristic is to possess two or more amino
groups in their structure (Figure 1). There are many molecules in
nature with these characteristics, however, these three amines have
been the most studied since there is a close relationship in their
biosynthesis and interconversion in different organisms including
mammals. Since its discovery in 1677 by Antonie van Leeuwen-
hoek,[1] its function has been intensively studied in both prokary-
otes and eukaryotes.

As polycations, polyamines are involved in numerous functions
within cells. They influence cellular growth, cellular differentiation,
and the function of cell membranes, and play a role in protein syn-
thesis by regulating nucleic acids synthesis.

POLYAMINE CHEMICAL STRUCTURE

PUTRESCINE H:N-CH;-CH;-CH;-CH;-NH;

SPERMIDINE H:N-CH;-CH:-CH;-NHCH,-CH;-CH;-CH;-NH:
SPERMINE H;N-CH;-CH;-CH,-NH-CH;-CH;-CH;-CH;-NH-CH;-CH;-CH,-NH;

Figure 1: Chemical structures of polyamines.
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4. Presence in Human Tissues and Fluids

Polyamines putrescine, spermidine and spermine are present in hu-
man tissues, and body fluids including blood, milk, urine, and am-
niotic fluid. They were discovered in the human semen through the
formation of crystals.[1-3] A wide variety of studies have been con-
ducted using samples obtained from humans and from experimen-
tal models to understand two aspects: first, their metabolism and
second, their role in reproductive physiology in health and disease.

5. Polyamines in Female Reproduction

In female reproduction, polyamine metabolism has been studied in
tissues and fluids of the reproductive system including ovary, meta-
bolic changes during the menstrual cycle, in maternal blood, urine,
placenta, and in amniotic fluid as pregnancy progresses, as well as in
women with spontaneous abortion and preeclampsia [4-6].

Some publications have been made by our group on the role of
polyamines in human reproduction [7]. Here, although information
obtained from studies in experimental models is included, special
relevance is given on the role of polyamines in reproductive process-
es in women.

It is important to mention that polyamines can be acquired from
the diet [8], but they are also produced by gut microbiota [9]. Their
relevance to longevity has been enhanced [10]. Their synthesis in
mammals including humans is well known [2, 5].

6. How Polyamines are Synthesized in the Human Body

Putrescine is formed from ornithine in a reaction catalyzed by orni-
thine decarboxylase followed by another decarboxylase, S-adenosyl
methionine decarboxylase, and two synthases: spermidine synthase
and spermine synthase. Polyamines are catabolized by polyamine
oxidases [5, 11-15]. The ornithine available for these reactions is
formed by the action of arginase on arginine. Arginase is an enzyme
that is part of the urea cycle but is also found in extrahepatic tissues
[16, 17]. This enzyme provides the ornithine required for polyamine
biosynthesis and regulates the initial phase of polyamine biosynthe-
sis in addition to its well-known role in the urea cycle.

7. Polyamine Metabolism in Reproductive Tissues and Flu-
ids

7.1. The Ovary

Several studies on ovarian polyamine metabolism have been per-
formed in hamsters, mice, rats, and rabbits. Ornithine decarboxylase
activity is high during the prepubertal period in rabbit and mouse
ovaries [18, 19]. The activity of this decarboxylase is hormonally reg-
ulated as has been demonstrated with the use of follicle-stimulating
and luteinizing hormones and by equine and human placental gon-
adotropins [20-22]. Some observations on the role of polyamines
in ovarian development and function have been made through the
specific inhibition of this enzyme. Inhibition of polyamine synthesis
in immature female mice inhibits ovarian development and delays
puberty [19].
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7.2. The Uterus

Estrogen stimulation of spermidine synthesis has been demonstrat-
ed in the uterus of ovariectomized rats and in chicken oviducts [23,
24], as well as on ornithine decarboxylase activity [24, 25]. Injec-
tion of 0.5 ug of 17- 8 estradiol into young female rats increases
uterine ornithine decarboxylase activity 14- to 25-fold 4 hours after
hormone administration [26], demonstrating hormonal regulation
of the gene that codes for the synthesis of this enzyme.

7.3. The Menstrual Cycle

7.31. Endometrium and myometrium: Ornithine decarboxylase
activity and polyamine levels have been determined in the endo-
metrium and myometrium.[27] Ornithine decarboxylase activity
is high in normal endometrium (723 + 286.4 picomoles of putres-
cine/mg of protein, n = 27), and undetectable in myometrium (n
= 12). Ornithine decarboxylase activity in endometriosis has been
associated with the high biological activity of this tissue due to its
continuous morphological and functional modifications. In con-
trast, the myometrium, which has a different activity, does not show
detectable ornithine decarboxylase activity, and presents low values
in polyamine concentrations. From a comparative point of view,
polyamine concentrations are higher in the endometrium than in
the myometrium. In both tissues, spermine concentrations are high-
er than spermidine and spermidine higher than putrescine (Normal
endometrium, n = 27, spermine = 125.0 £ 36.1, spermidine =94.5 +
31.2 and putrescine 40.2 + 17.1 (S. D.) picomoles /mg of DNA, re-
spectively); Normal myometrium, n =12, (spermine = 113.2 + 30.9,
spermidine = 62.5 £ 19.1, putrescine = 10.8 £ 3.5 (S.D.) picomoles
/mg of DNA, respectively)

7.32. The Urine: Urinary polyamine concentrations have been
studied during the menstrual cycle of healthy women and total ex-
cretion of all three polyamines has been found to be highest during
menstruation [28]. In some cases, urinary polyamines were elevated
during the early follicular phase. In addition to the increased excre-
tion of polyamines observed during menstruation, all women who
participated in the study exhibited one or more mid-cycle spikes in
polyamine excretion during the time that ovulation was expected.
During the luteal and follicular phases, polyamines accumulated in
the urine of some women. However, the elevated levels of urinary
polyamines in these phases did not occur consistently in all women
and do not seem to reflect events related to the menstrual cycle;
rather, these peaks may occur as a function of diet. Other obser-
vations have suggested that food composition may modify urinary
polyamine excretion [28]. It has been speculated that the increase in
the concentration of polyamines in urine during menstruation may
be related to endometrial cell necrosis. Polyamines may accumulate
in the extracellular fluid as result of cell death [29].

7.4. Polyamines in Placenta
The concentration of polyamines increases in the plasma and urine
of pregnant women as the pregnancy progresses [30, 31]. The con-
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tent of polyamines in the human placenta at different stages of fetal
development has been studied [32]. The placenta plays a central role
in the growth and development of the embryo, which is why this
tissue constitutes a primary source for the increased biosynthesis of
polyamines observed during pregnancy. High concentrations of pu-
trescine in the placenta occur as soon as it forms. During placental
development, putrescine levels decline and are almost negligible be-
fore term. spermidine concentrations decline during gestation and
remain at nearly constant low levels from the 25th week of pregnan-
cy. Spermine levels rise continuously almost to term.

The increased synthesis of polyamines and their accumulation in
the human placenta may be related to the active protein synthesis
required for growth and the production of protein hormones. These
may be associated with early events in the development of the pla-
centa and for its function in late pregnancy [31].

Studies conducted using physiological concentrations of polyam-
ines indicate that these amines stimulate the phosphorylation of
specific proteins in placenta extracts [33]. The order of potency of
the polyamines from highest to lowest is; spermine, spermidine and
putrescine that coincides with their levels in placental tissues during
gestation [32]. The phosphoproteins induced by spermine in the
human placenta are distinct from those induced by cyclic adenosine
monophosphate and Ca-dependent phosphorylation. Spermine in-
hibits both cyclic adenosine monophosphate-dependent phospho-
rylation and calcium-dependent phosphorylation in the placenta.
Polyamines can act directly through phosphorylation by a polyam-
ine-dependent reaction, or indirectly through inhibition of phos-
phorylation induced by other known inducers. These observations
arise from the possibility that polyamines or their metabolites are
primary effectors for the specific cascade of events associated with
pregnancy [33].

8. Polyamines and Embryo Development

Polyamines play essential role in cell proliferation, growth, and dif-
ferentiation. These molecules exert significant effects on embryonic
development, implantation, placentation, and fetal development
[34]. Evidence has been obtained for several years that ornithine
decarboxylase (and/or the polyamines generated through its action)
play an essential role in reproductive processes.

8.1. Inhibition of Polyamine Synthesis

The role of polyamines in normal growth in culture and in animal
tissues has been understood with the development of inhibitors of
polyamine synthesis [35, 36]. In mice, rats, and rabbits, oral admin-
istration of DL- & -difluoromethylornithine, a specific and irreversi-
ble inhibitor of ornithine decarboxylase (Figure 2), results in inhibi-
tion of the activity of this enzyme, affecting embryonic development
[37]. In rats, the intrauterine or intraperitoneal administration of
DL- « -difluoromethylornithine causes the blockage of embryonic
development with its consequent reabsorption [38, 39].
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DL- « -difluoromethylornithine [40], inhibits the synthesis of poly-
amines (LD50 for mice and rats: PO 5 g/ Kg, IP 3 g/Kg). This sub-
stance decreases the concentrations of cellular polyamines in vivo
[41- 43]. It has been widely used to explore the role of polyamines
in a wide variety of physiological and pathological processes. It has
therefore been logical to explore the physiological importance of
polyamines, using DL- & -difluoromethylornithine in systems exhib-
iting rapid cell differentiation and growth.

Early embryogenesis in mammals presents one of the most active di-
vision and differentiation systems, numerous studies have described
marked increases in ornithine decarboxylase activity associated with
this process [37]. In the mouse uterus, ornithine decarboxylase ac-
tivity begins to increase close to nesting and reaches a peak on day
8 of gestation. During this time, putrescine and spermidine concen-
trations also increase, but spermine levels are severely affected. The
peak of biochemical changes corresponds to a sudden increase in
embryonic growth. This is associated with early somite formation
which in the mouse occurs on days 7 to 8. The effects of DL{-difluo-
romethylornithine treatment during days 5 to 8 of gestation are un-
equivocal; the increase in ornithine decarboxylase activity and pu-
trescine and spermidine concentrations is abolished and embryonic
development does not progress beyond day 7. Arrested embryos are
reabsorbed [37, 44]. The effects of DL- & -difluoromethylornithine
can be completely reversed by the simultaneous administration of
putrescine whose half-life is relatively long [45], implicating the in-
hibition of putrescine biosynthesis as the mechanism of contrag-
estational effect. DL- & -difluoromethylornithine also inhibits early
embryonic development in rats and rabbits when administered in
the pre- and post-implantation period [37-39]. Thus, an increase in
ornithine decarboxylase activity leading to a rapid rise in putrescine
concentration appears to be essential during a critical period after
implantation for continued embryonic growth in mammals.

DL- @ -difluoromethylornithine has been proposed as an effective
postcoital antifertility agent in females [38], which provides a new
area of research in contraception.

F
F
HO. X" " "NH,

Figure 2: Chemical structure of DL- & -difluoromethylornithine, an irre-
versible inhibitor of ornithine decarboxylase (chemicalbook.com).

9. Polyamine Catabolism
9.1. Amine Oxidases and Pregnancy

The enzymes involved in the oxidation of polyamines have long
been associated with pregnancy. Diamine and polyamine oxidase
activities show a progressive increase with gestational age at or after
21 weeks, declining to very low levels on days 3 to 4 postpartum [46-
48]. The placenta is generally considered a source of amine oxidases,
although some authors suggest that these enzymes may be of decid-
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ual origin [49]. Several attempts have been made to purify and char-
acterize placental amine oxidases and to determine the specificity
of their substrates [50, 51]. Both mono- and diamine oxidases from
placenta homogenates have been shown to oxidize various amines,
although the affinity of the enzymes for their substrates varies con-
siderably. Therefore, it is believed that there is a large group of cat-
alytic proteins capable of oxidizing amines, and another that uses
polyamines or their acetylated derivatives as substrates.

It has been proposed that the apparent lack of specificity of amine
oxidases may be a consequence of the lack of information on the
conditions in which these enzymes function in vivo, leading to con-
fusion in the definition and classification of amine oxidases in the
literature [52].

Amine oxidases have been classified according to their prosthetic
groups into 2 classes: monoamine oxidases or flavin adenine dinu-
cleotide amine oxidases and cupper-amine or diamine oxidases [53].
The term polyamine oxidase was initially used to describe amine
oxidases capable of catalyzing oxidative deamination of spermidine
and spermine regardless of enzymes acting on mono- or diamines as
substrates [15, 49].

In human pregnancy, diamine oxidase oxidizes both; histamine and
putrescine circulate in maternal serum. Its levels rise as the pregnan-
cy progresses. This enzyme was originally called histaminase since it
uses histamine as a substrate [54], later it was called diamine oxidase
due to its activity on putrescine [55].

In other investigations, it was shown that the enzyme obtained
and partially purified from serum of pregnant women had affinity
for putrescine and spermidine and acted on a wide range of sub-
strates of which N1-acetyl spermidine was the best substrate [56].
This suggested that N1-acetylespermidine constitutes an important
metabolite in human pregnancy since this molecule can be recy-
cled to maintain the polyamine pool. In addition, amine oxidase
could participate in the conversion of products that can be toxic to
the organism, as has been proposed for rat liver polyamine oxidase,
which also uses N1-acetylspermidine as a substrate. The presence of
spermidine oxidase in the serum of pregnant women has also been
reported. For this, labeled spermidine was used as a substrate, sepa-
rating the reaction products by ion exchange chromatography, and
thus determining some kinetic constants that were similar, to those
of diamine oxidase [47].

Spermidine oxidase activity can be detected 8 weeks after the last
menstrual cycle and increases with gestational age parallel to the in-
crease in amino oxidase activity, stabilizing at 20 weeks of gestation.
On the other hand, spermine oxidase activity has been detected in
maternal serum in the tenth week of gestation. This suggests that
this enzyme may be the same, polyamine oxidase [48].

Polyamine oxidase activity has also been measured in amniotic fluid
and in fetal membranes between 15 and 40 weeks of gestation [57].
Enzyme activity increases as pregnancy progresses, like to that found
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in maternal serum, although levels are lower. The fetal membranes,
chorion, and amnion, also show the presence of enzyme activity,
with levels lower compared to those of the decidua, but significant-
ly higher than those found in the placenta. This suggests that the
enzyme found in amniotic fluid may be a consequence of diffusion
from the decidua through the membranes [57].

10. Polyamines and Human Milk

Polyamine content has been measured in human milk, the concen-
tration is highest during the first weeks of lactation and varies across
mothers. They are essential for optimal maturation of the neonatal
gut [58].

Polyamine ingestion from milk is believed to have an essential role
in this accelerated development of the small and large intestines
[59]. The polyamine concentration is significantly higher in human
milk for preterm than for term infants, and this and the different
spermidine/spermine ratios could influence the gut development
of premature babies [60].

Polyamines also have been associated to promote a healthy gut mi-
croflora, seeding of the bacteria populations occurs during neonatal
life. The resulting composition of gastrointestinal microflora is very
important for establishing nutrient and energy balance, a healthy
immune system and development of other physiological systems.[61]

11. Polyamine Oxidase and Abortion

Polyamine oxidase activity is highest in the intervillous circulation
where the first and closest contact between fetal and maternal sur-
faces occurs [33, 62]. This has led to the hypothesis that polyamine
oxidase has a protective role in the physiology of pregnancy and that
this enzyme at high levels protects the mother and fetus from high
concentrations of biogenic amines. Another hypothesis arose from
the suggestion that the placenta releases an immunosuppressive fac-
tor that “turns off” potentially harmful maternal lymphocytes [37].
Some in vitro studies have shown that the action of polyamine oxi-
dase on polyamines produces non-cytotoxic compounds which are
inhibitors of cell proliferation.

Human pregnancy serum inhibits lymphocyte proliferation in vitro
in the presence of exogenous spermine [63], the effects being pro-
portional to polyamine oxidase content [64]. Other observations,
such as the suppressive effects of the polyamines spermidine and
spermine on components of the immune system in vitro and the
observation that the placenta is rich in spermine and polyamine
oxidase activity in retroplacental blood, suggest that the interaction
products of polyamines and polyamine oxidase contribute to the
protection of the fetus against maternal immune rejection due to
the possible involvement of immunological factors in recurrent and
spontaneous abortion [65, 66].

In a group of patients who miscarried between weeks 11 and 22 of
pregnancy, serum polyamine oxidase activity was found to be signif-
icantly lower in patients with miscarriage than in the control group
[67]. Although the authors noted that the low levels of this enzyme
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found in women who had miscarried were not necessarily related
to each other, suggesting that certain levels of polyamine-polyam-
ine oxidase interaction may play an important role in maintaining
normal pregnancy by protecting the fetus from maternal rejection,
thus participating in embryonic growth. Other evidence [68] also
supports the notion that a localized immune barrier malfunction
may be related to reduced amine oxidase activity and may lead to
spontaneous abortion [37].

12. Polyamine Oxidase in Preeclampsia-Eclampsia

Preeclampsia, also called gestosis or toxemia, generally appears in
women after the 24th week of pregnancy. In some case it appears
in the first postpartum hours [69]. Although the etiology of this
condition is unknown, its pathophysiology and impact on target
organs are well defined [70]. Toxic patients show concomitant hy-
pertension with severe alterations in the vascular structure, protein-
uria, and edema, in complicated cases seizures and coma may occur.
Various pathological manifestations have been associated with this
syndrome, such as a low platelet count, alterations in coagulation
mechanisms, increased plasma viscosity, elevated levels of immu-
noglobulin G, and rheumatoid factor [71]. In addition, changes in
the levels of nucleic acids and proteins have been observed in the
placenta [72].

In the uterine veins of toxemic women, trophoblast levels are 20
times higher compared to those in women with normal pregnan-
cy. This can induce a challenge of the mother’s immune response
against the fetus. It was also shown that macrophage migration can
be inhibited by microsomal fractions of placental origin [73].

Polyamines modify the structure and function of nucleic acids.
Thus, alterations in polyamine metabolism can result in abnormal
synthesis of proteins and other molecules. In women with preec-
lampsia, the permeability of cell membranes is altered causing a
protein to leak out to the urine. This process can be regulated by
polyamines [74, 75].

During normal pregnancy, polyamine oxidase increases along with
spermine, while putrescine and spermidine concentrations de-
crease. It is possible that spermidine binds to the enzyme to produce
the polyamine oxidase-polyamine complex that exerts an inhibitory
effect, regulating placental growth and limiting its extension to pre-
vent invasion of the myometrium. In toxemic women, the myome-
trial vessels show swelling in the intima layer and hyperplasia in the
muscular layer [69], for this reason an abnormality in trophoblast
invasion is suspected [37]. These changes in the spiral vessels ensure
intervillous irrigation, causing vasoconstriction that raises pressure
and increases vascular permeability, causing a normal interaction
between platelets and vascular endothelium.

To better understand the correlation between polyamine metabo-
lism and preeclampsia, serum polyamine oxidase activity has been
measured in women with preeclampsia. These patients, who were
selected for their blood pressure of 160/110 mm Hg or higher, main-
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tained for a period of 6 hours associated with edema extended to
the abdomen or generalized, and proteinuria above 3 grams per liter
[76]. Symptoms were diagnosed after 35 weeks of reliable amenor-
rhea, and cases of postpartum toxemia were excluded. The control
group was made up of women with a normal pregnancy. The poly-
amine oxidase activity values of preeclamptic patients did not show
significant differences compared to the values of the control group
(toxemic women, n= 20, 8.48 + 3.23 vs. normal women, n= 20, 6.91
+ 2.53 picomoles of Al-pyrraline/mg of protein/hour, respectively)
[76]. However, it is recommended that the enzyme activity should be
measured from the first trimester of pregnancy to determine if the
enzyme arises from early significant changes.

A high incidence of toxemia has been found between weeks 39 and
41 (65%) and week 43 (5%), while in women with normal pregnan-
cy it was evenly distributed throughout the third trimester. This ob-
servation suggests that week 39 to 41 are the critical weeks in which
toxemia appears.

13. Discussion

The evidence of the participation of polyamines in the reproductive
processes of women is widely documented, since these molecules
are involved in all phases of female physiology and embryonic de-
velopment. Here, its participation in normal reproductive processes
has been briefly described, and in experimental models it has been
demonstrated how these processes are affected with the use of spe-
cific inhibitors of polyamine synthesis. In addition to this, it has
been demonstrated that in rats with chemically induced diabetes
on day 4 of gestation, delayed embryonic growth and resorption is
presented as signs of embryotoxicity [77]. These effects of hypergly-
cemia can be prevented by the administration of putrescine, spermi-
dine, and spermine [78].

On the other hand, it has been reported that acrolein (Figure 3) also
called acrylaldehyde or 2-propenal, a monoaldehyde, highly reactive
to proteins is a major toxic compound produced from spermine and
spermidine oxidation by polyamine oxidase and that acrolein is ac-
cumulated in plasma of patients with chronic renal failure [79].

Furthermore, the main amine oxidase producing acrolein from
spermine and spermidine is polyamine oxidase [79]. So, if preec-
lamptic women have increased polyamine oxidase levels and renal
abnormalities, they may accumulate acrolein and possible develop
uremia. From chemical point of view, it can hypothesize that acr-
olein could reacts not only with amino groups of proteins but also
with amino group of nucleic acids and aminophospholipids, which
can then rearrange to form advanced glycation end products [80]
or advanced lipid end products. This hypothesis is supported in a
study that shows that advanced glycation end products accumulated
markedly in the plasma and collagenous tissues in normoglycaemic
uremic patients [81, 82].

Experimentally, it has been shown that acrolein reacts with a lysine
residue to form an adduct which partly explains the oxidative mod-
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ification of low-density lipoproteins. The structure of this adduct
was identified as N- & -acetyl-N- € -(3-formyl-3,4-dehydropiperidino)
lysine [83].

Previously, was suggested by our group that urea can be used as a
glycation protector.[84] Due to the renal abnormalities in preec-
lampsia, the urea levels in blood may be increased [85], then urea
can react with acrolein forming end products like to glycation end
products [84]. Based on the information that uremic sera contain
unknown precursors for the Maillard reaction [86], it can suspect
on the formation of compounds between acrolein formed by oxida-
tion of polyamines and its reaction with amino groups of proteins,
nucleic acids and aminophospholipids in preeclampsia, however, it
remains to be demonstrated.

Figure 3: Acrolein (acrylaldehyde or 2-propenal), formed from oxidation of
polyamines, is an aldehyde highly reactive to proteins.
(https://study.com/learn/lesson/acrolein-structure-safety-uses.html).

14. Conclusions

In conclusion, polyamines are involved in all stages of the reproduc-
tive process in women. Valuable results obtained in experimental
models complement this information. From the maturation of the
ovary, the menstrual cycle, the implantation process, embryonic de-
velopment, growth, and lactation are regulated by polyamines, in
turn, the activity of enzymes that biosynthesize polyamines is regu-
lated by hormones, as is the case of ornithine decarboxylase. If the
synthesis of polyamines stops, embryonic development is blocked,
which clearly demonstrates its participation in this process.

Finally, there are several hypotheses about the activity of the poly-
amine oxidase enzyme. One of them is related to the formation of
acrolein, a highly reactive aldehyde. Whether or not the formation
of this aldehyde is related to the development of preeclampsia re-
mains to be demonstrated.
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